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COMPUTERS FOR EVERYONE 


ray the general interest in hobby 
computers as games ma- 
chines wanes and the mass of 
computer publications diminishes 
we find interest in using machines 
for other applications on the in- 
crease. In order to do this it is 
usually necessary to add some 
hardware. 

This issue of Practical Electronics 
carries an interesting and relatively 
simple computer addition which 
can open up a new range of uses 
and interest; the Computer Move- 
ment Detector. 

The most obvious application of 
the unit is as a computer based 
alarm stystem which, with a num- 
ber of units added, could form a 
comprehensive and extremely ver- 
satile system. However, other 
areas of activity can also be inves- 
tigated with such a unit. Some 
readers following our Experiment- 
ing with Robots series may-well find 
this ultrasonic unit useful for their 
experiments and photographers 
might also see various uses—the 
nature of the project lends itself to 
experimentation. 

As regular readers will know we 
now carry a computer based pro- 
ject in every issue and these are 
often the most popular projects 
with readers. If you do not own a 
computer and have no interest in 
these’ ‘games machines” perhaps 
it is time.to think again! Why not 
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look at the micro computer as an 
extremely versatile control unit for 


various projects, rather — than an, 


arcade machine? 

| am sure most hobbyists can 
find a use for such a controller 
—which can, of course, be used for 
a variety of other tasks—especially 
now the price is so low. 


ELECTRONICS FOR ALL 


We have had our say on elec- 
tronics and education, stirred it up 
a bit and given others the chance to 
reply. In this issue we take a good 
look at Microelectronics For Ail. We 
see what is available to schools 
{and to others if they are interes~ 
ted), how the products and teach- 
ing aids are used in the classroom 
and how the system builds up to 
ensure a good understanding of 
the subject. 

We would like to thank Michael 
Page and Graham Bevis of MEP for 
their efforts on our behalf. We 
hope. the features have proved 
interesting, if they have helped to 
push forward the teaching of tech- 
nology in schools in any way we 
will be very pleased. 
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INDUSTRY BACKS YOUTH 


Nate 


« New industry backing for the Young Electronic Designer Awards 
' Scheme, announced recently at the House of Commons (with the 
acknowledgement of the Rt. Hon. Christopher Patten MP, Minister 
of Education and Kenneth Warren MP, Chairman of the Commons 
Select Committee for Trade and Industry) is aimed at helping to ease 
the shortage of suitably skilled graduates and school leavers who 


are available for recruitment. 


The world’s largest manufacturer of 
semiconductors—Texas Instruments, 
whose substantial British based opera- 
tions, in common with other employers, 
have felt these problems for some time- 


bees , have joined the industry newspaper 


Electronics Times and component distri- 
bution group Cirkit Holdings PLC (origina- 
tors of the scheme), to provide challenging 
new incentives. These are designed to 
encourage the inclusion of ‘’practical elec- 
tronic projects’’ in the curriculum and 
include equipment and materials for educa- 
tional establishments taking part plus cash 
and career development opportunities for 
students. 

The YEDA scheme aims to encourage 
the spirit of innovation in a practical way at 
the education level, equally imparting a 
realisation of the true requirements of 
commerce and industry. Its implementa- 
tion in the academic sphere is being spear- 
headed by Professor John Eggleston, Pro- 
fessor of Education at Warwick University. 

To enter the scheme, students in full- 

_ time attendence at a school, college, poly- 
technic or university in Great Britain must 
design and produce an electronic device, 
which addresses a clearly identified practi- 
cal need. There are three eligible age 
groups: under 15, 15-18, 19-25. 

Winners and runners-up in each of the 
categories will receive an impressive range 
of awards, ranging from straightforward 


cash sums, through course sponsorships, 
to computer systems. 

In addition to the above mentioned 
prizes, the sponsors will supply all educa- 
tional establishments submitting approved 
projects with a free supply of components 
to assist in the development of practical 
work in the science of electronics and each 
finalist will receive a TI calculator appropri- 
ate to his or her age group. 

All projects entered will be judged by a 
carefully appointed panel of experts at a 
series of regional previews in March this 
year and the winners announced at a 
special event in May. 

For further information contact, The De- 
partment of Education, University of War- 
wick, Westwood, Coventry. CV4 7AL. 
(0203 523848). 


Meters made easy 


A new range of miniature l.c.d. d.p.m.s 
designed and manufactured in the UK has 
been introduced by Lascar Electronics. All 
types utilise surface mount techniques to 
vastly reduce the overall size. The d.i.l. 


format is claimed to make the meters 
particularly easy to use. Each meter is also 
supplied with a ‘snap-in’ bezel for fast 
fitting. 

Standard features include Auto-zero, 
Auto-polarity, 200mY f.s.d. programmable 
decimal points and ‘Low Battery’ indica- 
tion. A range of useful engineering symbols 
is incorporated on the l.c.d. Three different 
versions are available with character 
heights of 15mm, 12-5mm and 10mm. The 
DPM 400 with its 10mm character height is 
the world’s smallest off-the-shelf. d.p.m. 

Prices as follows: D.P.M. 400 (10mm) 
£21-79; D.P.M. 500 (12:5mm) £22-94; 
D.P.M. 2000 (15mm) £24-00. (All prices 
include VAT and p&p). From Lascar Elec- 
tronics Ltd., Module House, Whiteparish, 
Salisbury, Wiltshire, SPS 2SJ. (07948 567). 


SURREY SCHOOL 
TAKES A LEAD 


One of the first major diversions from the 
simple ‘micros in schools’ scheme is being set 
up by Surrey County Council. 

The project, a micro technology lab for 12— 
16 year olds, is under development at Heath- 
side School, Weybridge, Surrey. It is being 

financed by the local authority and the 
community. 

Among the sponsors are Plessey, British 
Aerospace, Birds Eye/Walls, the Milk Mar- 
keting Board and UK information systems 
consultants BIS Applied Systems. 

As part of their physics and design lessons, 
children will now have the opportunity to 
develop skills in circuit design, control tech- 
nology, graphics, computer-aided design and 
robotics. 

Says school governor and BIS Applied 
Systems Principal Consultant Tom Brooks; 
“The centre will initially teach 12 and 13- 
year-olds and this is the first time that 
technological subjects such as these have 
been made available to children so early in 
their education. There has been some provi- 
sion for those over 16, but even that has not 
been great.” 

Surrey, however, has responded by offering 
four schools the opportunity to establish a 
substantial micro technology centre and to 
integrate studies into the syllabus. Heathside 
is leading the project and the Minister of 
State for Technology Geoffrey Pattie official- 
ly opened last November. 


TAKE ATIP 


The 3S-TIP soldering iron bits are specially 
made as'a long lasting alternative tip for 
Weller TCP and ECP temperature con- 
trolled soldering irons. 

Now they have been improved further by a 
new additional surface treatment of the areas 
wetted by the solder. Various tip designs are 
available as shown in the photograph. 


The supplier, Cobonic Limited, is so confi- 
dent of these tips that it is offering free 
samples to all interested persons. 

Prices are “extremely competitive”. Infor- 
mation and price list is available from Co- 
bonic Limited, 32 Ludlow Road, Guildford, 
Surrey GU2 5NW. (0483 505260). 


Now available in the UK exclusively from 
Advance House of Instruments is the Soar 
Model 1000, a handheld, battery operated, 
3-2MHz digital storage oscilloscope. 

Weighing only 2-1kg with dimensions of 
264 x 214 x 60mm, the Model 1000 
features a dual-trace liquid-crystal display. 
The display unit comprises a 128 x 160 dot 
matrix with an effective display area of 
approximately 76 x 95mm, and a dot size of 
0-55 x 0-55mm. 

A built-in battery back-up memory allows 
storage of the waveform for later analysis 
and a waveform alarm function ensures 
correct operation. 


Features of the Y-axis operation include a 
scale of four vertical divisions for each 
channel, a nine-range sensitivity from 
1OMVidiv to 5V/div, and a frequency charac- 
teristic of + 3dB or less for d.c. to 200kHz. 

The X-axis operation has 10 divisions, a 
20-range sweep speed of 5ys/div to 5s/div, 
continuous-sweep and single-swéep 
measurement modes, and positive, bere. 
and switchable trigger slopes. > +s» » 

The Model 1000 also incorporates'a'sepe- 
rate 7-function 27-range DMM with auto- 
matic and manual ranging. i 
| Designed for field service, design engi- 
| neering and plant maintenance applications, 
the Soar Model 1000 digital storage oscillo- 
scope operates from rechargeable NiCad 
batteries with a 6-hour operation or from an 
a.c. mains adaptor. The good news is that 
this technology will one day be available to us 
all, the bad news?—if you want it now it will 
cost you £990 plus VAT. 
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Please check dates before setting out, as we cannot guarantee the 
accuracy of the information presented below. Note: some exhibi- 
tions may be trade only, If you are organising any electrical/ 


Epson’s new Touch Key overlays pro- 
vide a direct touch entry capability for 
easy menu selection and data input 
without resorting to a keyboard. Two 
variations of Touch Key technology 
have been developed; X/Y matrix type, 
which is available now and A/D type 
which will be available soon. 

Touch Key is transparent, allowing it 
to be accurately positioned directly over 
an I.c.d. module, allowing designers to 
build less complicated, thinner and 
more compact computer and peripheral 
systems. 

Intended for equipment requiring 
moderate resolution, the X/Y type 
Touch Key consists of a matrix of trans- 
parent electrodes formed on a glass 
film panel. Finger pressure on the 
Touch Key panel causes the upper and 
lower electrodes to make contact, thus 
entering the required information. 

The forthcoming A/D type Touch Key 
Panel consists of transparent stripe 
electrodes formed on a glass film trans- 
parent board, with a uniform resistor 
block set at right angles with the elec- 


IN JAPAN 


‘Success in Japan’ is the theme of a new 
booklet just launched by the British Overseas 
Trade Board (BOTB). It is compiled from the 
accounts of some 36 companies who have 
successfully penetrated the difficult and dis- 
tant, but rich and expanding, Japanese 
market. It is also designed to encourage 
more British firms to emulate the success of 
those featured. 

Norman Macleod, chairman of the 
BOTB’s Japan Trade Advisory Group in his 
foreword to the booklet emphasises the need 
for British companies considering exporting 
to Japan to be completely professional in this 
highly competitive market: ’‘Where the prod- 
ucts have met the needs of the consumer or 
industrialist success has come as a result of 
thorough market research, the right product, 
commitment and perseverance, competitive- 
ness in price and quality, effective marketing 


Glasgow. B 


ton. B 


Business Telecom '86 Mar. 4—6. Barbican Centre. I 
Instrumentation '86 Mar. 5/6. Cresh Hotel, Bristol. J 
Electro-Optics/Laser International Mar. 18-20. Metropole, Brigh- 


CAD °86 Apr. 8-10. Metrepole, Brighton. L 
Internepcon Production Show Apr. 8-10. NEC, Birmingham. B 


trode stripes. An A/D converter is used 
to convert the voltage across the panel 
into positional information. 

Applications for Touch Key are seen 
as keyboards for desk-top calculators, 
office machinery menu selections, key- 
boards of facsimile copying machines, 
data entry terminals for computers, 
word processors and retail/banking ter- 
minals. In the home, Touch Key is 
suitable as an input device for interac- 
tive television sets, acousitic equip- 
ment, telephone information entry de- 
vices and electronic games. 


within the Japanese system and consistent. 
reliable delivery and after-sales service’’. 

Among the companies featured in ‘Suc- 
cess in Japan’ are Electrosonic Ltd of London 
SE7 who export specialised audio-visual 
presentation equipment. 

The booklet is available free of charge from 
the BOTB’s Exports to Japan Unit, Room 
353, 7 Victoria Street, London SW1H OET. 
(01-2175 5625). 


POINTS 
ARISING... 


BYTEBOX 

October ‘85 

On the circuit diagram of the Bytebox, 
page 13, the pin numbers of IC 12 to IC28 
are incorrect. Pin 14 should read pin-13, 
13 should be 12 and 12 should be 11. 
Also pin 17 of IC10 should read pin 7. The 
p.c.b. design and layout shown is correct 
but two through-hole pins have been omit- 
ted which connect the power lines to IC2 1. 


_ electronics, radio or scientific event, big or small, we shall be glad to 
include it here. Address details to Brian Butler. 


Videotex User Show Jan. 29-31, Barbican Centre. D 

Electronics in Oil and Gas Feb. 4-6. Barbican Centre. B 

Sound Eighty Six Feb. 18-20, Novotel, Hammersmith. F 

Electrex °86 Feb. 24-28. NEC, Birmingham. G 

Scottish Electronics Technology Show Feb. 25-27. Exbn. Centre, 


British Electronics Week Apr. 29-May 1. Olympia. N 


D Emap International @ 01-837 3699. 

F ASCE Ltd. @ 06286 67633. 

G Electrex Ltd. @ 0483 222888. 

J Trident Int. Ex. Ltd. @ 0822 4671 

L Butterworth Scientific Ltd. @ 0483 31261 
N Evan Steadman @ 0799 26699 


Ks “to the the more. exotic items of, equipmerit: such’ as. the 
detector described here: The abvious application for 
* ‘anit isdn acomptter based alarm system to. detect intruders, 
but it.could also find use in other fields ‘suchas in robotics or auto- 
imatic photography perhaps. 
DOPPLER SHIFT 
What is almost certainly the most effective type of simple 
movement detector is the ultrasonic Doppler shift variety, and the 
system described here is based on this operating principle. 
Results obtained are to a large extent dependent on the particular 
transducers used in the unit, and on how the unit is set up. When 
fitted with large transducers having a fairly broad directional 
response the prototype could easily be set-up so that it would 
detect someone moving anywhere in an average size room. When 
fitted with small and highly directional transducers good sensitiv- 
ity was only obtained almost directly in front of the transducers, 
and with only a relatively limited range of about two metres or so. 
The unit described here is suitable for use with the popular VIC- 
20, Commodore 64, and BBC model B computers, It could also be 
used with any computer that has a 6522 VIA with port B available 
to the user. 


| | 
| TRANSDUCER 


TRANSDUCER 


COMPUTER 


ig. 1. Block diagram of the Computer Movement Detector 


SYSTEM OPERATION 


The unit has been made quite simple by using the computer to 
provide as much of the hardware as possible. As can be seen 
from the block diagram of Fig. 1, the transmitter section of the de- 
vice is totally provided by the computer, apart from the transmit- 
ting transducer of course. The user port of the three computers 
mentioned above is provided by port B of a 6522 VIA (versatile in- 
terface adaptor). In fact the Commodore 64 has a slightly different 
device, the 6526 CIA (complex interface adaptor). However, this 
provides the same basic functions as the 6522, and is equally 
suitable for the present application. 

The feature that is of interest in this case is the ability of the 
6522 or 6526 to take the computer's clock signal and divide it by 
an integer in the range 1 to 65535. A flip-flop at the output 
provides a further division by two. The division rate is controlled 
by writing values to two 8-bit counter/registers which together 
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written to 


ULTRASONIC Pndadubchs 


Most ultrasonic trarisdiicers have a nominal operating frequen- 
cy of 40kHz, and the computer clock frequencies are such thatit is 
not possible to generate an output at precisely 40kHz. However, 
this is not too important as practical tests with several types of 
ultrasonic transducer showed that their frequency response was 
sufficiently broad to enable good results to be obtained even with 
quite a large frequency error. The peak to peak output voltage 
from the 6522 or 6526 is not very great at slightly under 5V when 
unloaded, and the current drive capability is not very high either. 

Again, in practice good results were obtained despite this, and it 
iS not necessary to amplify the output signal. 

The signal picked up by the receiving transducer is a mixture of 
direct pick up from the transmitting transducer and signals that P 
have been reflected from the floor, walls, ceiling, and objects in 4 
the room. These signals will be randomly phased, and may tend to 4 
add together to give a fairly strong signal, or may tend to cancel 
out one another to give a weak signal. In either case the signals are 
all at the same frequency and the phasing will consequently 
remain constant. The received signal level therefore remains 
constant as well. 


AM 
DEMODULATOR 


AMPLIFIER 


ne 
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BUFFER 


The situation is different if signals are received via a moving 
object, as the well known Doppler shift effect then results in an 
upward shift in the received signal if the object is moving towards 
the transducers, or a downwards shift if it is moving away from 
them. In either case the phasing of the shifted signal varies in 
relation to that of the unshifted signals, so that sometimes the 
signals add together to give a fairly high amplitude, while at other 
times the signals have a cancelling effect and give a relatively E | 
weak signal. This produces an amplitude modulated signal with 
the modulation frequency equal to the difference in the frequen- 
cies of the received signals (typically a few Hertz to a few hundred 
Hertz in practice). By detecting this amplitude modulation on the 
received signal, movement in the room can be detected. 


RECEIVING TRANSDUCER 
The output signal from the receiving transducer is unlikely to be 
very large, and could well be less than mV. Two amplifiers which 
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each revids about 40dB of voltage gain are therefore used to 
boost the signal to a more satisfactory level. An ordinary AM 
detector is then used to obtain the low frequency modulation 
signal, but the strength of this signal will normally be quite low. 
Another high gain amplifier is used to boost this signal to a more 
acceptable level. 


TO USER 


PORT 
IN4148 


The boosted signal is fed to a trigger circuit where it is further 
amplified to give an output at standard 5V logic levels. The output 
from the trigger is a series of brief pulses, and while these could be 
detected directly by the computer, in practice they can be missed 
by a program which uses BASIC and is consequently operating at 
only a moderate speed. A charge storage and buffer stage is used 
as a simple form of pulse stretcher to give more reliable results 
when using the unit with a BASIC program. 

There are several digital inputs available at the computer's user 
port, and the output of the unit is fed into one of these. The way in 
which the signal is processed and used obviously depends on your 
particular application. In an alarm application the computer could 
be used to generate the alarm signal when the unit is activated, or 
it could operate a relay which would control an alarm bell circuit. 
There is no need to include entry and exit delay circuits in the 
hardware since software delays can easily be used instead. Other 
refinements could also be incorporated. For instance, to reduce 
the risk of false alarms the system could be made to only sound the 
alarm if (say) four operations of the unit occurred in a five second 
period. Again, further hardware would be unnecessary since this 
could all be handled by a software routine. 


CIRCUIT OPERATION 

Fig. 2 shows the complete circuit diagram of the Computer 
Movement Detector. As explained earlier, the transmitting trans- 
ducer (LS1) is driven direct from the appropriate line of the user 
port. 

MIC 1 is the receiving transducer, and like the transmitting type 
it is a Piezo electric device. In fact the transmitting and receiving 
transducers are often identical, although in some cases there are 
minor differences and the correct ones must be used in the 
transmitter and receiver in order to obtain optimum results. MIC 1 
is coupled direct to the base of TR4 which is a high gain common 
emitter amplifier. The output of this stage is coupled by C9 to the 
input of a second and identical stage. 

C8 couples the output of TR3 to a conventional diode AM 
demodulator circuit, and the output from this stage is then 
amplified by a third common emitter amplifier which is based on 
TR2. C5 severely attenuates the response of the amplifier at 
middle audio frequencies and above, but this does not significant- 
ly degrade the sensitivity of the unit since there will be no output 
from the detector in this frequency range. The lowpass filtering 
provided by C5 helps to prevent problems due to instability and 
stray pick up of noise from the computer. 

IC1 acts as the trigger, and it is used as a voltage comparator. 
The inverting input is biased to the quiescent voltage at the 
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collector of TR2 with R4 providing the-coupling and C4 decoupling 
any short term variations in this voltage. The non-inverting input is. 
also fed from the collector of TR2, but via a potential divider circuit 
(R2—-R3). This takes the non-inverting input to a lower potential 
than the inverting input, and the output of IC1 therefore apes low 
under quiescent conditions. ; 


~) 
val 
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The situation is different when the unit is activated, since the 
decoupling at the inverting input keeps it at a virtually constant 
voltage. The voltage at the non-inverting input varies in sympathy 
with the modulation signal, and on positive peaks goes above the 
inverting input's potential, giving positive output pulses. 

These pulses rapidly charge C3 due to their fairly low source 
impedance. On the other hand, the only discharge path for C3 is 
into the relatively high input impedance at the base of TR1. This in- 
tegrates the pulses to give a continuous output signal while the 
unit is activated. TR1 is merely an emitter follower buffer stage. 

The circuit requires a 5V supply and has a current consumption 
of only about 5mA. The user port of the computer provides a 
suitable power supply output. 


1! 


CONSTRUCTION 

A printed circuit board accommodates all the components apart 
from SK1 and the two transducers. Refer to Fig. 3 for details of 
the printed circuit board and wiring. 

IC1 is a CMOS device, and accordingly it should be fitted in an 
(8 pin d.i.1.) ic. holder and the other standard antistatic handling 
precautions should be observed. D2 and D3 are germanium diodes 
and not the more familiar silicon type. They are more vulnerable to 
damage by heat than silicon devices, and care to avoid overheating 
them should be exercised when soldering them in place. In other 
respects construction of the board is perfectly straightforward. 

A plastic case having approximate outside dimensions of 120 
by 80 by 35mm will comfortably accommodate the circuit board 
and other components. The printed circuit board is mounted on the 
base panel using M3 or 6BA fixing bolts, and SK1 is mounted at 
any convenient place on the rear panel. The two transducers are 
mounted at opposite ends of the front panel, and the method of 
mounting will depend on the particular make you are using. In most 
cases it is a matter of drilling a couple of small holes for the 
terminals at the rear of each transducer and then gluing both 
components in place using a good general purpose adhesive. The 


transducers used in the prototype require a single large mounting 
hole and the connections to be made via phono plugs, but types 
having terminals for direct soldered connection are far more 
common these days. Check the retailer's literature to ascertain 
whether or not the receiving and transmitting transducers are 
different, and if necessary make sure that they are used in the right 
positions in the circuit. 

SK1 is connected to the user port of the computer via a four-way 
cable fitted with a 5-way DIN plug and either a 20-way IDC header 
socket (BBC model B) or a 2 by 12-way 0-156 inch pitch edge 
connector (VIC-20 and Commodore 64}. It is unlikely that an edge 
connector fitted with a polarising key for a Commodore computer 
will be available, making it necessary to take care to fit the 
connector the right way up. Be careful to wire-up the DIN plug to 
match the method of connection you adopt for SK1. 


TESTING AND USE 


Taking the VIC-20 and BBC model B first, the user port registers 
that are needed in this application are the auxiliary control register, 
the two 8-bit counters of Timer 1, the data direction register, and 
the peripheral register (which is effectively the eight lines of the 
user port). These are at addresses indicated in Table 1. 

The data direction register is used to set each of the data lines 
(PBO to PB7) as an input or an output. PB7 drives the transmitting 
transducer and must be set as an output, but PBO Is required as an 
input to monitor the output of the sensor. Setting a bit of the data 
direction register to 1 designates the corresponding line as an 
output; setting it to O designates the line as an input. A value of 
128 therefore sets PB7 as an output and the other lines as inputs. 

Timer 1 is controlled by the two most significant bits of the 
auxiliary control register. These must both be set to 1 in order to 


REGISTER BBC ModelB | VIC-20 | 


Peripheral 

Data Direction 
Counter (low byte) 
Counter (high byte) 
Auxiliary Control 


Table 1. User port register addresses 


give the free running mode with output on PB7 (a value of 192). 
The following short programs can be used to test the unit with the 
VIC-20 or BBC model B. 


vic-20 
10 POKE 37138,128 
20 POKE 37147,192 
30 POKE 37140,13 


BBC Model B 
10 7&FE62 = 128 
20 7&FE6B = 192 
30 ?&FE64 = 13 


40 POKE 37141,0 40 ?&FE65 = 0 
50 PRINT PEEK(37136) AND 1 50 PRINT ?&FE60 AND 1 
60 GOTO 50 60 GOTO 50 


These print a value of O or 1 down the left hand side of the 
screen (O under stand-by conditions; 1 when the unit is activated). 
The value of 13 at line 30 will probably give optimum results, but 
you can try varying this slightly in an attempt to obtain improved 
results. 

The Commodore 64's 6526 has direct equivalents to most of 
the 6522 registers, but it has only a rough equivalent to the 
auxiliary control register in the form of Control Register B. 

The important user port register addresses are listed below: 


Peripheral 56577 
Data Direction 56579 
Counter B (low byte) 56582 
Counter B (high byte) 56583 
Control B 56591 


Bit O of control register B is set high to enable timer B, bit 1 is set 
high to enable output on PB7 (and automatically set PB7 as an 
output), and bit 2 is set high to set a squarewave rather than a 
pulsed output. Bit 3 is set low to give continuous rather than 
single shot operation, and bit 4 is set high to load the timer. Bits 5 
and 6 are set low to set timer B to the mode where it takes its in- 
put from the system clock, and bit 7 is irrelevant in this case. This 
gives a total value of 23 to write to Control register B. The 
Commodore 64 test program is given below: 


10 POKE 56582,13 

20 POKE 56583,0 

30 POKE 56591,23 

40 PRINT PEEK(56577) AND 1 
50 GOTO 40 


This program for the VIC-20 below is a basic alarm routine 
which demonstrates one way in which the unit can be used. 
It first sets up the VIA, then an exit delay is provided, after 


10 POKE 37138,130 

20 POKE 37147,192 

30 POKE 37140,13 

40 POKE 37141,0 

50 FOR D = 1 TO 20000:NEXT D 
60 IF (PEEK(37136) AND 1} = O THEN 60 
70 FOR D = 1 TO 20000:NEXT D 
80 POKE 37136,2 

90 FOR D = 1 TO 600000:NEXT D 
100 POKE 37136,0 
110 END 


which the output of the sensor is monitored. If the unit is activated 
there is a further delay (the entry delay), and PB1 of the user port is 
then set high. In practice this would be used to switch on an alarm 
generator. After another delay PB1 is set low again to provide 
automatic shut off of the alarm generator. 
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“Tui MONTH we continue our study of the 6821 by looking at some input, or it can be determined. byreférence to other fa 
© applications involving the PIA, before moving on to look at the system behaviour, as always, will: depend of the nature. 
6 2. micro’s control —program.”For the moment,: however, - 
concerned with the simple problem of how to sense the 
0 CONTROL states, and how to respond by activating ® relay tot on the 
There are many situations where micros are:involved in applica- bell. By 

tions which require the state of a switch (electronic or mechanical) 

to be sensed; and action to be taken. After sensing the: switch CASH REGISTER ALARM. 
condition (on-or off), the micro may take action solely on. the basis Figs 5.2 and 5,3 combine to show an arrangement wiitetl ec , 
of the switch Setting. More frequently, however,’ the action taken used in thé cash register situation just described. The 
“-wilkalso depend on a number of other factors. This type of system side of the imdefiices is shown in Fig. 5.2, and the CPU side 


behaviour is illustrated diagramatically in Fig, 5.1, and is typical of in Fig. 5.3. 
EN 


all but the simplest of control. systems, 
SEBS 


i 


INTERRUPT 


TO OTHER 
SYSTEM 


EG. ROM,RAM 
ETc. 


“4 DATA BUS 


Fig. 5. 1. Controller response loop 


; The factors influencing the response from the system will depend 
on the nature of the System, but could include such details as:the 


icating t that the cash register 
drawer. has been opened i is tripped, the apie! could well depend 
oft the time of day. If the switch is tripped.in y, hours of the 
morning, the action could be to sound xy n the other hand, 
assuming the system to. be installed in a shop, no action would be 
__ taken during normal opening hours, or two hours either side: 
~~ AlPthis goes .to-show that, starting froni the sensing of a simple 
switch; the response can either be simply.and directly related tothe 


6800-CPU 


RSORS! 07 0605 0403 02 D1 00 


6821~-PIA 


V6 OF 7416 


"J OPEN WHEN 
f orawer OPEN 


ov 4 
4+¥(ALARM CIRCUIT) Peripheral side: The switch and the alarm bell i both connected to 
the A side of the PIA, using PAO'and PAL 4 - Because the 


“switch and PAO. + Nie niphe teak 


artangeme 
arises because mechanical switches are notorious for their ont 


CPU side: The PIA is connected to the full width of the data bus. 
The two least significant address bus lines are connected to RSO and 
RS! to select the required internal register whenever the PIA is 
selected. Of the control and supervisory signals, the PIA is 
connected to R/W and Reset from the CPU, and @2 (connected to 
the “Enable” input). CSO and CS1 inputs are permanently enabled 
by being pulled up to +5V. The user interrupt request lines for the 
two sides of the PIA are tied together (in a wired-OR) and 
connected to the IRQ CPU input. 

The CSZ input is used to support the addressing of the PIA. 
Whenever an address in the range allocated to the PIA is output on 
the address bus, the system's external address decoder places a low 
on this input, thereby enabling the 6821. In our example we shall as- 
sume that the addresses allocated to the PIA are 4004 to 4007 
inclusive, as for the example system in Part One. 


Configuring the PLA: Having established the hardware configura- 
tion, the next step is to look at the programming of the PIA to 
behave as required. 

Following a system reset (which also occurs at power-up), the PIA 
is configured with all PA and PB lines as inputs. At start-up, the 
peripheral initialisation will therefore need to configure the PIA 
with PAO as an input (for the switch), and PAI as an output (for the 
alarm). However, we must take care in setting up the output line if 
the alarm is not to be triggered accidentally. 

As we have seen, all of the PA data lines start off configured as in- 
puts, This will cause the inverter on the alarm output (PA1) to 
behave as if it were connected to an output at logic 1, and the alarm 
will therefore remain silenced. This avoids the first problem of the 
alarm being set off at system reset. 

The next problem is to make sure that, when PA1 is configured as 

an output, its output value will be 4 logic 1 (remember: logic 0 
triggers the alarm). This means that, before setting PAI to an 
output, we must write a logic 1 to the bit 1 position in output 
register B. Once this has been done, we are ready to select data 
direction register A and set PAI as an output. All other lines will be 
left configured as inputs. The peripheral data register can then 
remain selected for all future reads and writes. 
Programming the PIA: In the majority of practical cases, much 
more of the PIA would probably be used, and initialisation would 
be correspondingly more involved than here. The following section 
of code could, however, be used to accomplish the initialisation 
requirements just described: 


LDAA 4005 ‘Select ORA 
ORAA +04 

STAA 4005 

LDAB #02 ;Set PA1 O/P to 1 
STAB 4004 

ANDA +FB Select DDRA 
STAA 4005 

STAB 4004 = ;Set PA1 to 0O/P 
ORAA +04 Select ORA 
STAA 4005 


The correspondence of addresses vo registers is: CRA=4005; 
ORA/DDRA=4004, The PIA is now ready for use in our 
application. 

The main requirement in the running system is to be able to read 
the switch setting, decide on its value, and set the alarm if 
appropriate. The following section of code would probably be 
included in the overall loop which is polling the state of the cash reg- 
ister. The other activities in the loop are not shown, since these will 
depend on the detailed design of the application. 


LDAB 4004 _ ;Read data 

ANDB +01 iTest if tilt open 
ASLB ;Alarm on if till open 
STAB 4004 


In studying the code, we note that the input from the till switch will 
be a logic 0 when the till drawer is open. Thus, we read the value of 


ORL EEOC RO LEED 
COMPUTING 
the A peripheral data register into accumulator B, and mask out (set 
to zero) all the other line values except the switch setting (bit 0). 
The bit 0 value will be a zero if the till is open, or a 1 if closed. 
Thus we can move the result in accumulator B one place left, and re- 
write the contents of the accumulator to the peripheral data register. 
Since a 0 will turn on the alarm, this will automatically produce the 
desired result: the alarm will come on whenever the till is opened. 


CLOCK INTERRUPT 

Having now looked at a case where the CPU is polling the 
peripheral, it is time to move on to look at an interrupt-driven 
application. For this we return to the problem of the real-time clock 
for the cash register. 

Fig. 5.4 shows how the circuit described earlier can be extended 
to include a real-time clock. The basic 1Hz time tick is generated 
using a combined oscillator/24-stage frequency divider. This 
produces a 1 Hz signal when used with a 4194-304kHz crystal. The 
4521 must be operated from a supply of around 10V for reliable 
operation at this frequency, and the output level is therefore 
adjusted by R3/R4, The timing signal is applied to the CB1 input of 
the PIA. Thereafter all of the time functions are provided in 
software. 

The first problem is clearly to configure the PIA to cause an 
interrupt every second. This will then allow us to drive the internal 
software clock. As you may have deduced from the circuit in Fig, 
5.4, this can be done by suitably configuring the PIA to treat the 
CB] line as a source of interrupts. To see how this is done, however, 
we need to look a little more carefully at the PIA’s control registers, 
which up until now we have skipped over rather quickly. 

The detailed structure of the PIA’s A and B control registers 
(CRA and CRB) is shown in Fig. 5.5, and these really provide the 
key to interrupt-driven applications involving the PIA, From Fig. 
5.5 we can see that, in addition to the DDR access bit (2) we have al- 
ready been using, there are two other groups of bits. The first group 
control the action of the CA/CB lines (bits 0 and 1 for CA1/CB1, 
and bits 3 to 5 for CA2/CB2), while the second group act as the in- 
terrupt flags (bit 6 is the flag for CA2/CB2, and bit 7 for CAI/CB1). 

Even if special interrupt processing hardware is used in the 
system, the PIA has only two interrupt outputs, shared by CA1/CA2 
and CBI/CB2, respectively. The purpose of the interrupt flags is 
therefore to identify the source of an interrupt. As can be seen from 
Fig. 5.5, the flags are automatically cleared whenever the CPU 
reads the control register. This minimises the work which has to be 
done in the service routine before interrupts can be re-enabled, and 
avoids the problem of the same event causing repeated interrupts 
because the programmer has forgotten to clear the flag. After a reset, 
the PIA interrupts are all disabled and the flags all cleared. 

Setting up the PIA to generate our required clock interrupt is 
done during system peripheral initialisation. It is a simple matter of 
setting bits 0 and | of the B control‘register to appropriate values. 
Bit 0 is set toa | to generate an interrupt whenever the selected tran- 
sition on CBI occurs. Bit | is set to determine whether the 
transition of the clock on CBI which causes the interrupt is low-to- 
high (set to 1) or high-to-low (set to 0). 


ra) 
2 aig4knz 


Fig. 5.4. 1Hz time signal generator 
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Determine whether DDR or Output Register 


IROA(B) 1 interrupt flag:- 


b7 goes high on active CA({B) 1 transition. Automa- 
tically cleared by CPU read of Control Register. 


IROA(B)2 interrupt flag:— 


b5=0 b6 goes high on active CA(B) 2 transition. 


Automatically cleared by CPU read of Control 
Register. 

b5=1b6 set to O and unaffected by CA(B) 2 
transitions. 


CA(B)2 
Control 


IRQA({B)1 
Flag 


IROA(B)2 
Flag 


CA(B)2 Established as Output by b5=1:— 


Read/Write strobe operation with b4=0:— 


b3=0 CA2 goes low on first H->L E transition after CPU 
tead of ORA; returns high by next active CA1 
transition. 
CB2 goes low on first L->H E transition after CPU 
write into ORB; returns high by next active CB1 
transition 
b3=1 CA2 goes low on first H->L E transition after CPU 
read of ORA; returns high by next H->L E transition. 
CB2 goes low on first L->H E transition after CPU 
write into ORB; returns high by next L->H E 
transition. 
Data output with b4=1:— 
b3=0 CA(B)2 goes low as CPU writes b3=0 into 
Control Register. ; 
b3=1 CA(B)2 goes high as CPU writes b3=1 into Control 
Register. 
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CA(B)2 Established as Input by b6=0:— 


addressed:— 


b2=0 Data Direction Register selected 
b2=1 Output Register selected. 


Determine CA(B)1 transition which sets IROQA(B)1 © 
flag:— 


b1=0 set by high->low transition. 
b1=1 set by low->high transition. 


CA(B)1 IRO enable/disable:— 


bO=0 disables IROA(B) CPU interrupt on CA(B)1 
active transition. (Interrupt will occur next 
time bO set high by CPU if active transition 
occurred while interrupt disabled.) 

bO=1 enable IROA(B) interrupt on CA(B) 1 active 
transition. 


CA(B)1 
Control 


DDR 
Access 


CA(B)2 IRO Enable/Disable:— 
b3=0 Disables IROA(B) CPU interrupt’ on CA(B)2 
active transition. (Interrupt will occur next time 
b3 set high by CPU if active transition occurred 
while interrupt disabled.) 
b3=1 Enables IROA(B) CPU interrupt on CA(B)2 
active transition. 
Determine CA(B)2 transition which sets IRQA(B) 2 | 
flag:— ' 
b4=0 set by high->low transition. 
b4=1 set by low->high transition. 


Fig. 5.5. PIA control register format. Each bit may be 
individually set high or low by the programmer: the 
significance of this is described above ; 


Se ’ 


; In the following code, the PIA is set up to generate interrupts on a 
high-to-low transition. 


LDAB 4007 jRead CRB 
ORAB +01 7CB1 interrupt on H->L 
STAB 4007 ;Set CRB 


Another requirement during initialisation will be to initialise the 
current time, for subsequent maintenance by the interrupt handler. 
Before interrupts are enabled, it will be necessary (unless the values 
are already stored in the apropriate locations in ROM) to store the 
start address of the IRQ interrupt handler in locations FFF8 (MS 
byte of start address) and FFF9 (LS byte of start address). 

The final aspect to be considered is the interrupt handler itself. 
This may well be included in a more complex handler which caters 
for other interrupts than just that from the clock. Whatever the 
design, however, the actions taken for the clock interrupt are the 
same. The handler first of all needs to establish that the interrupt 
has indeed originated from the clock. If not, the interrupt can either 
be ignored (in the simple case of it being the only source of 
interrupts in the system), or passed on to other parts of the handler 
for processing. 

If the interrupt is from the clock, the very act of determining this 
fact (by reading the value of the bit 7 in CRB) will have reset the 
flag. If required, interrupts can be re-enabled at this point. The 
remaining action is then to update the internal software clock, and 
execute an RTI instruction to return to the interrupted processing. 

This concludes our necessarily brief study of the 6800 and its 
PIA, It is now time to move on and look at a CPU which could 
reasonably lay claim to having founded low cost personal comput- 
ing (with the Commodore Pet): the 6502. 


THE 6502 CPU 

The 6502 was developed from the ideas of the 6800 by MosTek 
with the object of improving on the original design concept by 
concentrating on those features considered important to system 
designers. The bus structure employed by the 6502 is compatible 
with the interfacing and bus conventions used on the 6800 bus. This 
allows all of the 6800 peripheral chips to be used in addition to the 
dedicated 6502 support chips. The 6502 also features a “pipelined” 
architecture which increases the speed of operation over the 6800 
by overlapping the fetch of the next instruction with the interpreta- 
tion of the previous one. 


The widely-used BBC microcomputer, based on the 6502 
microprocessor 
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Fig. 5.7. 6502 programming model 


m ss nt by ; : . ‘En 
The BBC computer with its lid removed, revealing the 6502, 
its PIA, and associated interfacing circuitry 


The pin connections for the 6502 are shown in Fig. 5.6. From this 
we can see that it is an 8-bit processor with a 16-bit address bus, i.e. 
the same as the 6800. However, the programming model, shown in 
Fig. 5.7, indicates some significant differences from the 6800. 

The CPU has two index registers (X and Y), and only a single 
accumulator. The stack pointer is only eight bits long, rather than 
the more usual 16 bits, since the designers considered that a s-ack of 
256 bytes would be more than enough for the majority of 
applications. This allowed them to fix the position of the stack as 
exending from 01FF down to 0100. 

The shortage of general purpose accumulators (only one) is 
overcome by the fast access provided to the page zero locations 
(0000 to OOFF), giving an effective 256 registers if required. In 
addition, the two index registers can be used as general purpose 
registers. Overall, the designers succeeded in their aims and 
produced a CPU with a streamlined pipelined architecture and two 
index registers, which combine to allow the 6502 to perform 
extremely well, particularly when running languages such as Basic. 

In keeping with the approach of a “‘lean, clean, fast machine”, the 
designers of the 6502 reduced the basic instruction set to just 56 
instruction types. To supplement these, however, thirteen address- 
ing modes are provided. 

The additional modes over and above those on the 6800 are 
mainly to take advantage of the increased flexibility afforded by the 
two index registers. One of the modes, however, is a little different, 
and emulates the interrupt vectoring approach favoured by both the 
6800 and the 6502. The indirect absolute mode is only applicable to 
the JMP instruction, and allows a pair of locations to be defined as 
holding the address to which the jump should be performed. 


NEXT MONTH: A look at some of the 6502's 
peripherals, and a brief look at the Z80. 
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Megabit memories 

It's good to hear that British industry is 
lending a hand in a big European scheme to 
oppose Japanese domination in microe- 
lectronics. A UK manufacturer is providing 
semiconductor processing equipment for 
the Mega Project. a co-operative venture 
to produce competitively-priced 1-mega- 
bit and 4-megabit memories using sub- 
micron technology. 

The principal companies taking part are 
Philips in the Netherlands, Siemens in 
West Germany and Valvo, a West German 
subsidiary of Philips. These partners will 
invest a total of £370 million over five 
years. The Dutch and Federal German 
governments are proposing to jointly sub- 
sidise the project to the tune of £M120. 

Megabit memories have been chosen for 
very particular reasons. First of all, memo- 
ries in general acount for over half the total 
market for intergrated circuits. So this kind 
of semiconductor product should have 
great commercial potential. It’s too late to 
do anything about meeting Japanese com- 
petition in 64K and 256K devices. The 
only hope for Europe is to leap-frog these 
sizes and go for megabit memories. 

The big question now is, can they do it? 
Will they achieve their target of a 4-Mbit 
memory by 1989? Japanese semicon- 
ductor manufacturers unveiled prototype 
1-Mbit memories as long ago as February 
1984, and are now well into their stride 
with both NMOS and CMOS devices 

What makes the Japanese such formi- 
dable industrial competitors is their unity 
of purpose on a national level. This comes 
from a cultural heritage very different from 
ours. In America and Western Europe 
individual freedom and self-fulfilment are 
held to be good in themselves and are 
encouraged. In Japan they tend to be 
subordinated to the interests of the group 
as a whole. The Euro-American way of life 
certainly produces great entrepreneurs, 
but because these individuals are compet- 
ing with each other, within a nation, the 
general result tends towards fragmenta- 
tion rather than cohesion. 

Individuals and their ways of life set the 
pattern for society. In turn society’s rules 
control the individuals. So in Japan we see 
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industry, the banks and the government all 
working together to a common, long-term 
purpose. The so-called fifth generation of 
computers, for example, was declared in 
1981 as a national goal for the 1990s by 
the Japanese Ministry of International 
Trade and Industry and is being sustained 
as a ten-year investment plan. 

In Europe and America much of our 
energy is dissipated on great battles 
between commercial and sectional inter- 
ests. Everybody wants to make a fast 
buck, not wait ten years for it. Investors 
are impatient for returns, entrepreneurs 
come and go with frightening rapidity, and 
workers and bosses see each other as 
natural adversaries. The only reason our 
industry works at all with so many egotisti- 
cal interests going off in different direc- 
tions is that we have learnt to balance the 
forces, more or less, by various forms of 
bargaining directed at personal acquisitive- 
ness and desire for prestige. 

In these conditions | see the Mega 
Project as a happy sign. Some pretty 
influential Europeans have realised that, 
even in a free-market economic system, 
there is value in co-operation as well as in 
competition. 


Tintinabulation 

| suppose integrated circuits must have 
been responsible to some extent for the 
recent troubles in the tim industry. Of 
course the major cause of the fall in 
demand for tin has been aluminium and 
plastics food containers taking over from 
the traditional tin can. But when you think 
of the number of soldered joints between 
discreet components that have now been 
replaced by integrated connections inside 
chips, the potential loss of solder, and 
hence tin, consumption is truly enormous. 

| say “‘potential loss’’ because, if inte- 
grated circuits hadn't been invented, | 
doubt if we would have been soldering 
together several hundred thousand dis- 
crete transistors to form one digital pro- 
cessing unit. Certainly, the market for 
electronic products has grown tremen- 
dously since soldering tags started to take 
over from screw-terminals and other 
mechanical connecting devices. But on 
printed circuits the actual quantity of 
solder needed to make an electrical con- 
nection has been getting smaller all the 
time. 

The tin crisis brings back memories of 
the great table-salt crisis of some years 
ago. As a result of a scare that there was 
going to be a shortage, housewives all 
over Britain rushed out and bought up 
every packet of salt they could find on 
shopkeepers’ shelves. This threw the 
whole salt supplying business into chaos 
for some time, but quite unecessarily be- 
cause there was plenty of the stuff to go 
round and the whole chain of production, 
distribution and consumption had been 
running perfectly smoothly and success- 
fully before the scare. 

The tin situation was not the same but 
equally foolish. Producers and traders op- 
erated a cartel based on a world buffer 
stock of tin. When this was used like a 
reservoir just to smooth out fluctuations in 


supply and demand it was very useful for 
stabilization. But it was also exploited as a 
means of keeping up the price of tin 
artificially, far beyond that warranted. by 
the actual demand. Whenever the world 
price dropped due to lack of demand the 
cartel would buy some more of its own tin 
to add to the buffer stock, thus creating an’ 
artificial shortage and raising the world 
price again. 

It's astonishing that nobody seems to 
have understood that this game couldn't 
go on indefinitely. The alarm bells only 
started their tintinabulation when the cartel 
suddenly discovered it had run out of 
money to buy its own tin. The whole 
financial system collapsed in ruins, and as 
a result it now looks as if the price of tin 
will fall to a level that really matches the 
true economics of production and 
consumption. 


If peace breaks out 

We shall never know for sure, but | have 
been informed that the real reason why the 
US Army chose the French battlefield 
commuhications system Rita in preference 
to the British system made by Plessey was 
that the American generals in the Penta- 
gon found it much too difficult to pro- 
nounce the name Ptarmigan. In spite of the 
efforts of our Prime Minister they became 
fed up, during the preliminary discussions, 
getting their tongues and teeth in a twist 
over this awkward bird, while the French 
bird—socialist or not—gave no problem at 
all. 

There was also, of course, a certain 
difference in price which may have had 
something to do with it. The French sys- 
tem offered by Thomson CSF in conjunc- 
tion with the American GTE Corporation 
cost about £3 billion, while Plessey, with 
its American partner Rockwell, was asking 
about £5 billion for Ptarmigan. 

Despite suggestions that the French 
were charging a loss-leader price for Rita, 
and the fact that in both cases the US 
partners would take a large proportion, 
these figures are a further reminder of the 
considerable dependence of the British 
electronics industry on military electro- 
nics. The UK Ministry of Defence is in fact 
the largest single customer of our electro- 
nics industry and about a quarter of the 
industry’s output goes into military 
equipment. 

Suppose, though, that the talks between 
Reagan and Gorbachov in Geneva last 
November had been so fantastically suc- 
cessfull that East-West tension was re- 
duced to zero and the arms race was 
brought to an end. It’s easy to laugh 
cynically at this unlikely possibility. But 
everyone professes to want peaceful co- 
existence and many individuals and organi- 
zations are actively working towards this 
end—for example Electronics for Peace in 
the UK. 

So we must take it as a serious possibi- 
lity. f we don’t, and continue arming 
ourselves to the teeth while paying lip- 
service to peace, we might as well adopt 
the Groucho Marks line: “/ don’t want to 
take part in any peace talks that would accept 
Me as @ participant.” 


‘Modular Mixer 


Part 2 


John M.H. Becker 


Clever connections allow countless combinations of 
mono or stereo signal controllers—selective filtering 


and panning facilities 


cl month, in Part One of this article, we took a close look at the 
individual circuits and p.c.b.s for the modular mixer. In this 
part, the final part, we will look at the constructional details of two 
complete systems. 

Fig. 5 shows a block !ayout of the p.c.b. plan configurations 
needed, and Fig. 6 shows the interwiring. R4 as shown gives a 
switched high gain of around 50, though other values could be 
used to suit individual needs. A high value of R4 will give a lower 
gain, and vice-versa. 


FOUR INPUT STEREO MIXER 

Fig. 7 shows the block diagram of a versatile four input stereo 
mixer, in which pre-fade-listen, and echo-send outputs are also 
included. Four variable gain input stages (Fig. 2a) are used, the 
outputs of which can be switched by S5 to separate pan and level 
controls, or to an echo send mixer around circuits in Fig. 2f and 
Fig. 2g. This enables any one or more input signals to be brought 
up to a suitable level as set by VR1, combined and distributed to 
an effects unit such as echo, flange, chorus etc., with an output 
controlled by VR5. 

After processing, the signal comes back in through the echo 
return socket and thence to the relevant pan and level controls. 
The wiring of S& is such that the echo return signal will be 
delivered equally to each pan and level control stage associated 


IN1 IN2 IN3 
SKI SK2 SK3 
TRULLI IAAI WH 


2) 


CHANNEL 2 


TOP OF 

TOP SWITCH 5 (1) TO 23(1) 
2241) TO 5{2) 
6(2} TO 23{2) 
22(2) TO 15(3} 
23) TO 3{4) 
25(4) TO 12(6) 


PCB POWER LINE LINKS 


301 t0_812) | 912) to 013) [ 903) to 804) 
10{1) TO 10(2) | 1142) TO 1013 
pov Line ]1241) TO 742) [12(2) TO 7} [ 1243) TO 74) 


with the original input stages. If this is not necessarily desirable, 
the echo return signal can be brought back into an unused input 
channel. Channels 1 and 2 are fed from a stereo jack socket, 
though the gain, level and pan controls are separate and the 
socket could equally well be replaced by two mono ones. 

Any or all of the input signals may be switched by S6 to the pre- 
fade-listen mixer. This switching occurs after S5 so that the echo 
return signal can also be monitored prior to the pan and level 


PCB! PCB2 PCB 3 PCB 4 

LOWER HALF OF PLAN 
TYPE 3 

UPPER HALF EMPTY 

EXCEPT FOR Rx =R46 

R43 ON RHS= 390k 


LINK POINTA&B 
R4O IN POSITION R4OA 


PLAN TYPE 1 
BUT R13 TO RID 
BECOME RE& TORI2 

RESPECTIVELY 
LINK POINTS B&C 
LINK ARROWS 243 


Fig. 5. The Mono VC4-1 p.c.b. plans 
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Fig. 6. Wiring diagrams of the Mono VC4-1 systems 
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MIX+ MIX + SK7a 
FILTER OUTPUT 

El Fi/Gl 
MIX + ge MIX + 


OUTPUT 
F2/G2 


FILTER 
E2 


Fig. 7. Block diagram of the 
Stereo VC4-2 system 


INPUT 
GAIN 


Constructor’s Note: A full kit of 
parts or combinations of this project 
are available from: Becker jono- 
sonics, 8 Finucane Drive, Orping- 
ton, Kent, BR5 4ED. & 9 
37821. 


Ski. 9 INPUT 
(N4 GAIN 


MIX+ 
OUTPUT 


FL/Ga 


control. The circuit is identical to the echo send mixer. The output 
may be monitored directly if high impedance headphones are 
used, alternatively it can be fed to a monitor amplifier. Each faa | as | 
channel has its own separate pan and level controls, using four 
circuits of Fig. 2c. ne dg oe 
The twin outputs are connected to separate left and right bus 
lines each feeding to a separate mixer and filter stage around the 
circuit of Fig. 2e. Any signal can thus be routed totally to one or 


C3 


: Pour tabi oh i ; PCBS5 PCBE PCB7 pcee 
other of the left or rig t channels, or equally to both. As shown, aeekan iepanre: ‘ad pet (Guenhateee 
the controls of the filters are ganged, so that although they retain WITHOUT PLUS CB PLAN TYPE 3 
. bs . 4 mi €6aC7 Re= Rab UPPER SECTION 
their channel separation independence, any filter changes are EMPTY EXCEPT 
simultaneously applied to both channels. BOR GES ae 
There is no reason though why each filter should not be given 
separate, variable response controls VR4, and:separate frequency ar faz | | -ax- | FF | fei | 2 | 
pass switches S1 to S3. After filtering, each channel goes to 
separate mix and output stages, using the circuits Fig. 2f and Fig. = = ee 
2g. A single ‘output level control VR5 is coupled to the control 
nodes of both channels, so that both are controlled simul- 
taneously. Separate level controls could be used instead if PCB PChz CHS BCE it 
preferred. The final stereo mix can be taken to any normal 
amplifier system or recorder. Fig. 8 shows the p.c.b. block CTE ROIS (OWEe MALE chee oe LINK ARROWS 2.83 
requirements, and Fig. 9 shows the control wiring and inter p.c.b. a=B Serer Eseert FIROOSIRAS DRE 
links FOR Rx=-R47 OMIT R43 ON PCB AHS. 
ad AS ALTERNATIVE R40 1N POSITION R&A 
INK POINTS A-B 
. = PCBS 
ASSEMBLY ais ; IGNORE LINE POINTS 
; _ : an CBS 5 TO8 STACKED ABOVE PCB'S1 10 4, ABCDE 
Full details of the component positions and interwiring are OR IMMEDIATELY BEHIND in IH HOSTRIDN RIOD 
4 + 3 LARGE LETTER/NUMBERS REFER TO BASIC 
shown in the relevant diagrams. In some instances, values may CIRCUIT AND BLOCK DIAGRAM LETTERING 
vary between the stereo and mono versions, these are stated in 


the parts list and assembly diagrams. The short wire lines on the 
p.c.b.s can be made from resistor cut off leads. Box drilling sizes 
and positions will depend upon the component make used. As a Fig. 8. The Stereo VC4-2 p.c.b. plans 
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Fig. 10. Frequency response of the VC4. 


guide, on the prototypes the horizontal pot spacing is 28mm with 
10mm holes. Switch spacing is 13mm with 7mm holes, and the 
jack socket spacing is 25mm with 12mm holes. 

After drilling, the panel may be painted and control legends 
applied, using a normal rubdown lettering and finishing off with a 
protective lacquer, all available from most good stationers. For 
the stereo version there is room in the box for p.c.b.s 5 to 8 to be 
mounted behind p.c.b.s 1 to 4, or they may alternatively be 
stacked above them if suitable p.c.b. supports are available. 

Perform the wiring methodically, crossing off each connection 
on the chart as it is made. Diverse colour coding makes 
subsequent checking easier. Start off with all the wires that are on 
the front and back panel controls only. Then connect the inter 
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Photo 18. Internal details of the VC4 
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p.c.b. link wires, and finally link the p.c.b.s to the pane! controls: 
Screened wiring should not be necessary, but the case should be 
grounded as shown in the wiring diagram. Cross check the wiring, 
and that the i.c.s and electrolytic capacitors are in the correct way 
round before switching on. 


SETTING UP 

There is none to be done! Simply check each channel and each 
control in turn to make sure that it is performing the function for 
which it is intended, re-reading the earlier part of this article if you 
are not fully clear about anything. 


USE 

There are only two points to make about using the mixers, and 
these are probably obvious to most people. Firstly, when mixing 
signals together, although each may be at a reasonable level that 


will not overload an individual channel, at the point of mixing, their 
amplitudes will be summed. This can lead to overload distortion, 
giving a harsh sound to the signals for the reason shown in Photo 
1 and Photo 3. Each signal must, therefore, be kept to a lower 
level than if it is used separately. This should also be taken into ac- 
count when feeding two or more signals tothe echovsend-and 
return paths, for not only will the output to the echo send be 
summed, but the return signal is distributed equally to each 
subsequent associated level control channel, the outputs of which 
are also summed resulting in secondary amplitude enhancement. 

Secondly, the intention of providing input gain selection js to 
enable signals to be more closely matched to each other prior to 
the level mixing circuit, so that the level controls will be at roughly 
similar positions for equivalent output levels. Although gain is 
provided at the inputs, the input signal strength should preferably 
already be at a reasonable level in order to preserve the signal-to- 
noise ratio of around ~55dB, referred to unity gain of a 1V signal. 
This ratio will of course degrade if an attempt is made to greatly 
amplify very low level signals within the unit. If practical, these 
should ideally thus be raised by a preceding low noise 
preamplifier. 


C16 IN-OUT PORT 


WANTED to fit an input/output port to a 

Commodore C16 and on looking at the 
computer circuit diagram I noticed that 16 
addresses were decoded by the computer’s 
U16i.c. but some seemed not to be used. An 
examination of the p.c.b. confirmed this, 
pin 15 was unused, this pin enables the 
addresses Hex FDO0 to FDOF. 

I only needed two 8-bit ports, so I 
used a 74LS138 which decodes 8 of the 16 
addresses. As the other chip selects were 
there I used them via the spare inverters in 
the 74LS04 as strobe outputs; perhaps a 
transistor could replace the inverter if 
required. 


Table 1. C16 Signals 


| Signal | C16 IC Pin No. 


U5-2 

U5-3 

U5-15 

U5-17 

U6-2 

U6-3 

U6-15 

U6-—17 

U15-4 

U15-13 

U15-5 

U16-15 

VR1 (voltage reg.) 
Ground rail on p.c.b. 


Port En. 
Voc (+5V) 
Earth (OV) 


FROM SV 
TAPPING 
on Ben.“ 
TRANSFORMER 


DOORBELL TIMER 
CIRCUIT 


HIS circuit was designed in response to a 
request from a friend who works in the 
repair department of a local shop. Cus- 
tomers frequently leave the door slightly 
ajar, and the resulting constant ringing of 
the bell was driving him mad! The circuit 
shuts the bell off when the door is closed, or 
after about five seconds, whichever occurs 
first. The timer principle could be adapted 
for other applications. 
In the quiescent state, the door switch S1 
is open, so the input to IC La is low and its 
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Ingenurt 
niimite 


-— 


ci Nee 
io. le] ic 
Ag J 
Al 
* A2 3} IC1 
PoRT EN 
41804 
Pin 7 « GND 
PInt4= Voc 
wg 
*% TO CI6 
CONNECTOR 
a> vex Fs 


The output port is at address 64768, o/p 9 
is normally high and o/p 10 is normally low, 
The input port is on 64793; all of these 
could be changed if required. The Port En. 
signal comes from U16 and the data bits 
from the ram i..s US and U6. Three 
address lines come from U15 (see Table 1). 
All wires should be as short as possible. The 
unit can be built into the C16 as there is an 
area on the left of the main p.c.b. which will 
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to abbreviations and circuit symbols. Diagrams 
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take a 6-7Sin by 2-6in board; it has 2 pillars 
6in, apart so 2 self-tapping screws will hold 
the extra board in place. 

I fitted a 25-way D-type connector near 
this board at the rear of the computer and 
an edge socket would also be suitable for the 
inputs and outputs. 

A. R. Knight, 
Farmoor, 
Oxford. 


DOORSWITCH 


output is high. This charges C3 but holds 
IC1b output low, so ultimately IC1d output 
is also low and the transistor and relay are 
‘off. 

When the switch is closed, the input is 
taken high. IC1a’s output goes low, so IC1b 
goes high; with this and the charge stored on 
C3, IClic has two high inputs so its output 
goes low and IC1d’s output goes high. This 
turns on TRI and closes the relay, which 
rings the bell. However, C3 is discharged 
slowly through R5. When its voltage be- 
comes low enough IClIc and ICid change 
state and the relay opens again. 

When the switch is opened, C3 is re- 
charged through D1, providing a rapid 


Ic1 = 4011B 
PINT = OV 
PIN 14= +VE 


TO BELL 
CIRCUIT 


resetting action. R2 and C2 prevent any 
possibility of spurious operation caused by 
stray pick-up on the long leads to the switch. 

For convenience, power for the unit was 
taken from a 5V supply tapping on the, bell 
transformer, which actually gave about 10 
volts after a conventional bridge rectifier 
circuit. As the quiescent drain is zero, it 
could just as easily be used with a battery 
circuit. 

The relay is a thumbnail-sized miniature 
device, but has given constant trouble-free 
service in a busy shop for well over a year. 

Andy Flind, 
Taunton, 
Somerset. 


MUSEUM PIECE 


The Museum of Science and Industry in 
: Chicago isn’ t the same as other museums. 
Like a large version of the Science Museum 
in London or the Philips Evoluon in Eindho- 
ven, Holland, it is very much a hands-on 


__ shew of working science, electronics and 
technology. But to cut running costs the - 


museum managers make over space to 


~ large American firms and industries which | 


then stage their own displays. 


‘lent to British Telecom. In the thirties the 
Bell display centred on Oscar, a dummy 


~ head microphone system. Visitors wore 


_ headphones while a demonstrator whis- 


; _ pered into Oscar's ears. The result, ac- 


. ~ cording to one audio buff who went there 


a 


training for musicians and electronics engi- 


- called binaural, 


as a child, was unnerving. The dummy 


head and microphone system, usually 

recreates the original 

sound with uncanny accuracy. © Ser 

_.. Oscar is no longer there, but the current 
Bell exhibit explains the principles of sound 
and electromagnetic waves with working 

models, One of these would make a nice 
d.i.y, electronics project. 


z 


.. The visitor is asked to pick up a tele- 
phone handset. The earpiece emits a musi- 


‘caltone. The listener must try to memorise 
its pitch. Then the tone stops and another 
different tone begins, A rotary hand con- 
trol raises or lowers this second tone in 


? pitch. The aim is to try and match one™ 


_ against the other. 
When. the jistener thinks there is a 


“match, he or she presses a button. A 


_ digital display then reads out the frequency 
_ of both the original and adjusted tones. A 
“sign flashes “fair match’, “good match” 
or excellent match”; depending on how 
close the frequencies are. Apart from 
» making a good game it offers valuable ear 


neers who benefit from recognising sine 


. 


=. 


- wave frequencies. 


_ HISTORY OF DATA STORAGE 


One of the newest exhibits at the Chi- 


~ eago MSI is sponsored by IBM. It traces 


. the history of data storage and processing. 
+ Personally | have always found {BM an 
gqioct and distant company, with no 
* apparent interest in communicating this 
_ kind of, non-commercial information. So 
"some of the facts from the Chicago display 
_- are well worth passing on. 
“The first ’ ‘computers’’ used mechanical 
punched card technology. The IBM Tabu- 
“lator of 1934 worked in this way. It looked 
like a clumsy printing press and could add, 
- subtract and compare numbers, by flipping 
jthrough 150 cards a minute. 


_In 1942 IBM made an electronic version. 


which worked at a thousand times the 
speed. Vacuum tube valves _ replaced 


_ ¢ards. The snag was that it had to be re- 


ae for each new task. The big break- 
computing in Lah 


The most famous MSI exhibit is the hall _ 
__tun by Bell Labs; which is roughly equiva- 


lh came with a PPE 


The ‘idea originated in two pieces at 


» much the same time. At the University of 


Pennsylvania, Presper Eckert and John 
Mauchly were working on the famous 
ENIAC computer. IBM was covering the 
same ground. The computer stored pro- 
gram instructions as well as data. 

IBM's 1947 stored program machine 
was called the SSEC (Stored Sequence 


_ Electronic Calculator). The store was 
punched paper tape. The machine had 


12,500 valves and 21,400 relays. One 
Sceptical engineer did some sums, and 


- pronounced it would never do any useful 


work. 

The average life of a vacuum tube valve 
at that time: was 30600 hours. With over 
12,000 tubes that meant one tube failure 


~ every 15 minutes. It would take at least 15 


minutes to find a dud valve and replace it. 
Ergo, no useful work. 

The gloomy prediction turned out to be 
Wrong simply because the reliability of 


~ Valves greatly improved—to one failure 


amongst 2000 valves in a year. The SSEC 
beast ran for five years with acceptable 
failure rates. 

Valves were still being used in the fifties, 
long after invention of the transistor by Bell 
Labs in 1947. In those early days of solid 
state technology valves were far more 
reliable. 

The largest ever valve computer was 


‘SAGE (Semi-Automatic Ground Environ- 


ment) built for the US Air defence system 
in the early fifties. It had 58,000 Valves, 
weighed 113 tons and drew as much 
power as a town with a population of 
15,000 people. 


MAGNETIC MEMORY 


in 7952 IBM started to use magnetic 
tape as. a storage medium instead of 
punched paper. One reel stored 1-4 million 
text characters, or 1-4 Megabytes of data, 
equivalent to 12,500 punched cards. The 


“same machine, the 701, used a:cathode 


ray tube for short term storage. The tube 
screen pictured 1024 bits of data as ones 
‘or zeros. 

Magnetic core memory was also used. 
A 10 inch web of wires supported 4000 
iron oxide pellets, made in a modified pill- 
compressing machine. Each core could be 
separately magnetised to. store a one or 
zero data bit. The webs were stacked in a 
vertical pile to build up a three-dimensional 
memory bank-of 140,000 bit capacity. 

Another memory store of the fifties 
relied on a metal drum, like a thick rolling 
pin a foot or so long. It rotated at 12,500 
rpm past magnetic heads which recorded 


_ data in 40 paraliel tracks along the drum 


length. This stored 10 kilobytes of data, 
i.e. tert thousand text characters. 
The first disc stores appeared in the mid 


- fifties. They were fearsome beasts. RA- 


MAC, Random Access Method of Ac- 
counting and Control, was a vertical stack 
of aluminium discs coated with brown 


magnetic oxide, each nearly a yard in 
ce — and spinning at 1209 rpm. 


: IE LEADING EDGE 


These rotational speeds were of course — 
Convenient multiples of the US mains — 


frequency, 60 Hz. 
Each RAMAC disc stored 50,000: text 


characters on each side. Modern hard. 
discs store six thousand times as much _ 
data per square inch of disc surface area. 


By 1956 RAMAC storage capacity had 
risen to 5 Megabytes with a read/write 
data rate of 9700 bytes a second. The 


discs. were fixed in place inside the stack, - 
like a clumsy washing machine. The first 
removable discs appeared in 1962. Each - 


had a capacity of 2 Megabytes or two 
million text characters. 
By 1966, when banks: and big busin- 


esses were switching to computers for | 
their data storage and processing (and 
suffering those teething problems Some of — 


us remember so well}, it was not unusual 
for one user to have a hundred disc packs. 


Each had around a dozen discs and’each) 


pack hada capacity of 25-Megabytes. 


By 1971 the data transfer rate was 806 


kilobytes a second and disc capacity was 
100. Megabytes.. Today disc capacity is 
2-5 billion or gigabytes (2,500 megabytes} 
with read/write at 3 Megabytes/second. 

The first floppy came in 1971. The first 
small hard. disc, ‘now. called Winchester 
because that was IBM's laboratory code 
name for the project; appeared in 1973. 
The Winchester was special because the 
recording head does not contact the Sur- 
face of the disc, as in early hard discs or 
the later floppies. The. Winchester. head 
floats on a very thin cushion of-air genera 
ted as the disc rotates. 

The trick with tape storage was to move 
the tape fast enough to achieve a high 
read/write transfer rate but still give rapid 
access to chosen sectors. This means 
almost instant stop, start. and reverse; and 
that inturn means the-tisk of breaking or 
stretching the tape. 

in the early sixties the IBM 729 tape 
reader achieved a read/write speed of 90 
kilobytes/second by running the tape at 
112 inéhes a second: it could start; and 


stop, and reverse the tape: in 0-005 © 


second. 


This was done by running the tape slack : 


between spools through a glass vacuum 
colimi, One tape spool heid:eround 47 
Megabytes, equivalent to a pile of punched 
cards as tall as a twenty storey building. 


By the early seventies, data read/write 


rate was 1250 kilobytes’a second or 1-25 
megabytes, At this rate-a*single volume 
dictionary. could transfer frony tape. in 13 
seconds. 


Without this kind of background infor 
mation, itis easy to take today $ computer - 
storage technology too easily for granted— 


| can't Relp feeling it is @ pity that such 


information only comes as the result of a- 
chance visit to a museum on the ophes a 


of the Atlantic. 


BARRY FOX 
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Burglar Alarm sens 


A professional-quality alarm system which can easily be 
built by the home constructor—at a surprisingly low cost 


HE CosT of a professionally installed burglar alarm system can 
be in the region of several hundred pounds, and with break-ins 
on the increase, the chance of installing a d.i.y. system with a level 
of security comparable to, or better than professionally installed 
alarms (and with substantial financial savings) may be particularly 
appealing. 
This control panel has the following features: 


Mains powered. 

Instantaneous door loop and pressure pad circuit. 

Timed Entry/Exit front door loop. 

24 Hour panic/anti tamper loop (operates even when alarm not 
set). 

10 minute bell cut off timer. 

Mains power indicator. 

Operates up to 3 passive infra-red detectors. 

Immunity to false alarms due to mains “spikes” etc. (due to use 
of opto-isolators). 

Simple to construct, install and operate. 


As can be seen from the above specifications, it surpasses the 
specifications of the majority of domestic burglar alarm control 
panels on the market. 

This system has four types of alarm detection: door loops, 
pressure pads, passive infra-red detectors and a panic anti- 
tamper circuit. 


INSTANTANEOUS SERIES LOOPS 


This circuit consists of a series loop of normally closed 
switches which are usually in the form of the magnetic reed type, 
or strips of metallic tape across window panes. These switches 
are in a normally closed loop so that if the loop is broken by 
somebody cutting the wires, the loop will go open circuit and the 
alarm will sound. As there is no limit to the number of switches 
that can be added to the loop and the reed sensors are not 
particularly expensive, it is well worthwhile putting them at a// 
likely points of entry into the house. 

In many cases where it is difficult to conceal a wire leading to a 
window switch, it may be a good idea to wire the internal door to 
that room instead, working on the assumption that an intruder will 
have to open that door to gain access to the rest of the house. 

Magnetic reed switches consist of two parts, a magnet and the 
actual reed switch. The reed switch is mounted on the frame and 
the magnet is attached in a position such that when either the door 
or window is closed, the magnet will be adjacent to the reed 
switch in the frame keeping the reed switch closed. When the 
door or window is opened to gain entry the magnet will move 
away from the switch, causing the loop to go open circuit and 
bells to start ringing. Vulnerable windows and doors with panels 
of flimsy construction can be protected by strips of metallic tape 
specially designed for this purpose. This tape can be connected 
into the series loop using special self-adhesive terminal blocks. 


ENTRY/EXIT LOOP 

\f switches are to be included in doors that have to be opened 
after the alarm is set, they must be connected into the timed 
entry/exit loop so that the occupant has time to leave the 
premises without activating the alarm. ; 

When the occupant sets the alarm, an exit period of around 20 


Practical Electronics February 1986 


seconds is allowed before the exit loop is switched into circuit. On 
entry, the occupant will be allowed 30 seconds entry delay after 
which the alarm sounds if it has not been cancelled within this time 
period. 


PRESSURE PADS 


These pads are usually placed beneath floor coverings such as 
carpets and mats, and are normally open circuit. They essentially 
consist of two sheets of aluminium foil separated by a piece of 
thin foam containing holes. When somebody stands on the pad, 
the two sheets of aluminium touch and the pad becomes short 
circuited triggering the alarm. The pads should be placed at areas 
of the premises where a would-be burglar is likely to tread. These 
pads are reasonably durable, but they should not be placed in an 
area where excessive wear will occur, such as the entrance to a 
busy office, as the foam will eventually break down—causing the 
pad to go permanently to closed circuit. 

Pads could also be used in the instantaneous series loop. If, for 
example, a television set was placed over a pad under the carpet 
which was wired to the series loop, the pad would be normally 
closed circuit. However, if the television were to be removed, the 
pad would go open circuit and sound the alarm. 


PASSIVE INFRA-RED 


This unit has the facility to be used in conjunction with up to 
three passive infra-red detectors. The power for these can be 
derived from the unit itself and their output can be connected into 
either the instantaneous loop or the timed entry/exit loop. 
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Passive infra-red detectors give total protection to the room in 
which they are used, provided they are installed correctly. These 
units should be used in rooms that contain valuable items that 
would be particularly attractive to an intruder. They give a very 
high level of security and are especially useful in rooms that 
cannot be adequately protected by means of door sensors and 
pressure pads. 

Passive Infra-red detectors rely on the TOOW of infra-red 
radiation given off by the human body to detect the presence of an 
intruder. Infra-red detectors consist of a pyro-electric sensor 
which is mounted at the focal point of a mirror lens. The mirror 
lens has many flat faces, each of which reflects the infra red 
radiation from one of many isolated zones in the room. If the pyro- 
electric sensor detects a change in infra-red radiation from one 
zone to another, as would happen as a person walked across a 
room, the signal will be amplified by the internal circuitry of the de- 
vice and the alarm circuit will be triggered. 

This type of infra-red detector has taken over from the now 
obsolescent ultrasonic type of detector, as it has shown itself to 
be highly reliable. It only responds to the movement of people, 
whereas the ultrasonic type responds to the movement of all 
objects, often giving false alarms if it detects the movement of, 
say, a pair of curtains as they are moved by a slight draught. 

Although these passive infra-red detectors show remarkable 
immunity to external interference, they should be fitted strictly in 
accordance with the manufacturer's instructions, so that the 
optimum level of security can be attained without giving rise to 
false alarms. 
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Fig. 1. Block diagram of the Burglar Alarm 


These units should not be set up directly facing strong sources 
of heat such as fires and radiators, and family pets should not be 
allowed into rooms in which these infra-red detectors are 
operating. 


24 HOUR LOOP 

This loop is used mainly for the inclusion of a ‘Panic’ button, A 
panic button is a special switch that is normally closed but will go 
open circuit if pressed and can only be reset by means of a key. 
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Fig. 2. The logic and control circuitry for the Burglar Alarm. Note that S1a/b is shown open-circuit (alarm armed); also 
that the +12V supply for passive infra-red detectors should be taken from terminals 11 and 5 
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This button should ideally be placed by the front door or in the 
bedroom, and may be operated if the occupant feels threatened in 
any way; alternatively, it can be used by an elderly person to 
summon help. This button will operate 24 hours a day, even if the 
main alarm is not set. The circuit is normally closed so that even if 
the '’Panic’’ switch were to be ripped off the wall, the alarm would 
remain sounding. 

Most door sensors are fitted with 4 wires, two being wired to 
the reed switch itself—these are usually identified by their ends 
being pre-stripped of insulation. There is usually also another pair 
of wires which simply form a loop of wire which passes through 
the body of the sensor and can be used in conjunction with the 24 
hour loop, providing an alarm if anybody attempts to sabotage the 
alarm system when the building is occupied and the alarm is not 
set. A limit switch could be included in the external bell box and 
connected in series with the 24 hour loop. This would provide an 
alarm condition if anybody tried to remove the bell cover. 
Inexpensive smoke detectors are available that could easily be 
connected directly to the 24 hour loop providing an extra 
dimension to your security system. 

The 24 hour loop circuit is an extremely versatile loop that can 
be used to maintain constant surveillance of a multitude of 
peripheral devices, and will sound the alarm continuously until the 
particular alarm input is reset. 


THE BASIC CIRCUIT 


When designing an alarm control panel it is essential to 
incorporate filtering into the system so that it will not be triggered 
by external interference such as that created by lightning, mains 
“spikes’’ caused by the switching of heavy-loads and spurious 
radio frequency interference. 

Most alarm circuit designs attempt to reduce the occurrence of 
false alarms by incorporating capacitors and coils at various 
points in the circuit to filter out noise picked up along the wires 
leading to the sensors. However, this type of filtering is usually 
only sufficient for relatively small amounts of noise and all too 
often proves to be ineffective where large mains ‘‘spikes’’ occur 
or in lightning storms. This control panel uses a radically different 
solution to provide immunity to false alarms that will still remain 
effective in even the most violent of thunderstorms. The circuit is 
split into two parts: .the first part is the sensing part, which 
responds to the inputs from all the sensors and the second part is 
the output circuit to the alarm controlling the entry and bell cut off 
delays. Refer to Fig. 1 and Fig. 2. 

Both circuits are completely isolated from each other electric- 
ally, with their own separate power supply derived from individual 
secondary windings from the mains transformers. To ensure 


‘complete electrical isolation between the sensor circuit and the 


output circuit they are connected using opto-isolators, making it 
impossible for any interference that is received along the sensor 
wires to trigger the alarm output circuit, thus causing a false alarm. 


SENSOR CIRCUIT 


The instantaneous loop is connected to the input of IC 1d. When 
the door loop is closed, the input to IC 1d is held low through R12. 
If this input is sent high by either a pressure pad becoming short 
circuit or a door loop becoming open circuit and allowing the input 
to be pulled high through R7, the output of IC 1d will go low, 
extinguishing the l|.e.d. in the corresponding opto-isolator. 

IC 1b forms the basis of an exit delay timer, utilising the charging 
time constant of C4 as its reference. When the alarm is not set, C4 
is shorted by a set of closed contacts in the key-operated switch, 
ensuring that the capacitor is kept fully discharged. In this 
condition, the output of IC 1b will remain low keeping the input of 
IC1c low whatever the condition of the timed loop. When the 
alarm is set, C4 is allowed to charge through R2; however, during 
the 30 seconds C4 takes to become fully charged, the output of 
IC 1b will remain low ensuring a high output from IC 1c irrespective 
of the condition of the timed loop circuit, providing a 20 to 30 
second exit delay. (For entry delay, see output circuit.) 

The 24 hour loop circuit consists of a series circuit with an opto- 
isolator via R16. If this becomes open circuit, the |.e.d. in the 
corresponding isolator will receive no current: this will be 
detected by the output circuit. 
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To set the alarm, it is desirable to determine whether it is 
“safe"’ to set (i.e. all the doors and windows are shut and the 
pressure pads are clear). A single dual-colour I,e.d. is employed in 
the sensor circuit, which glows red when the alarm is not safe to 
set, and green when all the offending sensors are cleared. As well 
as a zone condition indicator this |.e.d. will also show that system 
is supplied with power, as it must glow either red or green, 
whatever the circumstances—provided power is present. 


OUTPUT CIRCUIT 


The output circuit is powered separately from the sensor circuit 
sO as to prevent possible noise received from the sensor wires 
triggering the timers via the supply rails. The supply to this part of 
the circuit is necessarily regulated with a simple 78L12 monolithic 
voltage regulator in order to filter out supply transients which 
could quite easily trigger the inherently sensitive 555 timer chips. 
This part of the circuit receives relevant sensor information via 
three opto-couplers. 

The transistor in the opto-isolators will allow conduction if it 
receives photons from its controlling |.¢.d. in the sensor circuit, 
provided that the emitter is at a lower potential than the collector. 

The first opto-isolator controls the instantaneous loop. When 
the input to IC6 is high the output transistor will conduct and 
maintain a low input to IC2a. If the input to IC6 goes low, the tran- 
sistor will no longer conduct, causing the input to IC2a to be pulled 
high through R5 (C8 introduces a delay time of about 10ms to 
ensure that transients, which usually last only a few micro 
seconds, and are detected by the sensor circuit, will not trigger 
the alarm falsely), |C2a, having received a high input, will swing its 
output low, allowing a negative-going pulse to the input of IC4 via 
C10. This timer will be triggered and remain ‘‘on"’ for a period of 
around 10 minutes (governed by the charging of C3 through R1). 
Timer [C4 acts to latch the alarm on and also provides an alarm 
output for 10 minutes, after which the alarm will be silenced and 
automatically be re-armed. 

The entry/exit loop is connected to the other half of IC6 which 
controls the state of IC2b by the same method that IC2a is 
controlled by IC6. The output of IC2b is directly connected to the 
input of {C5 via C12. When the timed loop is broken, IC5 will be 
triggered causing the output to go high. With the stated values of 
R3 and C5 the high output will remain high for around 20 seconds 
(providing an entry delay). If the unit is not cancelled within this 
time period, the output of IC5 will return to its original low state, 
creating a negative pulse which will trigger the IC4 alarm output 
timer via C11. 

The 24 hour loop is operated by IC7. When this circuit is not 
broken TR1 is held off by the transistor in !C7. However, if the 
loop becomes open circuit the transistor in IC7 will no longer 
conduct, and TR1 will be held on via R8; this will energise the 
output relay and the alarm will continue until the loop is 
reconnected. 

When the alarm is not set, the pole of the key switch is closed 
holding IC2d output low, extinguishing the |.e.d. and also holding 
pin 4 of both timers low via IC2c, ensuring the output is held off 
whatever the state of the timed or instantaneous loops, When the 
alarm is off, all the timers are reset. Note that the 24 hour loop will 
still operate even when the alarm is not set. 

The main controlling p.c.b. will give an alarm output of 240V 
a.c. which is connected to the input of Board 2 as shown in Fig. 2 
and Fig. 3: this gives an output of 12V d.c. at 500mA, which is 
suitable for driving most alarm sounders. 
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Fig. 3. Board 2—the bell driver circuit. This simple circuit 
can be used to drive any of a variety of alarm sounders at 
500mA, 12V d.c. 
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CIRCUIT CONSTRUCTION 


As this circuit is intended to be mains-powered and a perma- 
nent fixture, the unit must be constructed both carefully and to a 
high quality to ensure safety and long-term reliability. For this 
reason it is strongly recommended that the components are 
mounted on a p.c.b. with the layout illustrated below (Figs. 4 and 
5) and housed in a wei/ earthed vented metal case with similar 
dimensions to those stated. 

As the layout of the p.c.b. is compact in order to save space, 
care must be taken not to bridge adjacent tracks with solder. The 
construction of the p.c.b. is very straightforward provided that 
the components are inserted in the correct order, checking the 
correct orientation of all polarised components. 

First, insert the rectifier diodes DS5—D 12 and then R17, as these 
cannot be installed after the insertion of transformer 1. Then, with 
the exception of the i.c.s and the opto-isolators, all the other 
components can be inserted. It is advisable to leave C1, C2, the 
relay and the transformer until the end, as they are bulky and 
would make it difficult to insert the smaller components if they 
were inserted earlier. 

At this point the opto-isolators and i.c.s must be soldered into 
place. As with all semiconductors they are susceptible to damage 
from excessive heat and thus care must be taken when soldering 
so that the components are not damaged. The simplest way to 
solder semiconductors without causing damage is to solder each 
pin individually, ensuring the iron is not applied for more than 
five seconds and then allowing about 15 
seconds between joints in order to prevent 
a build-up of heat within the chip. Since 
i.c.s 1 and 2 are CMOS, the usual precau- 
tions should be taken when handling these 
devices. The use of i.c. sockets is not 
recommended, as after a period of time 
the chips could become loose or their pins 
may corrode—which will affect the long- 
term reliability of the circuit. 

After inclusion of the i.c.s, the construc- 
tion of the main p.c.b. can be finalised by 
soldering the two l.e.d.s to the underside 
of the p.c.b. First the leads of both I.e.d.s 
should be cut so that they extend about 
8mm from the base of the |.e.d. body. The 


v ONYE 
STYNIWY31 OL 


EYS7aET3} 


red/green I.e.d. has three leads. The middle (common) lead 
should be soldered to the pad labelled ‘’3’" as shown on the 
overlay diagram. The lead next to the “‘flat’’ should be soldered to 
pad *'1"’ and the remaining lead to pad ‘’2"’. The red |.e.d. must be 
soldered to the pads numbered ‘’4" and 5" using the same 
procedure, with the negative lead (lead closest to ‘‘flat’") going to" 
pad *’4"". The position of the |.e.d.s, and the length of their leads 
may have to be manipulated slightly in order to line them up with 
the holes allocated in the panel. 

The construction of the bell driver board is very simple. 
Sometimes mounting the fuse clips can be a little tricky: a useful 
tip is to attach the clips to both ends of the fuse when they are be- 
ing inserted; this ensures that the clips are “square” relative to 
one another and maintains the correct separation. 

When the construction of the p.c.b. has been completed, the 
key-operated switch can be connected using 4 pieces of flexible 
wire of about 7cm in length. 

If the unit is intended to have two zones then connect the 
s.p.d.t. zone switch; if the unit is only required to control a single 
zone, this switch is omitted. 


TESTING 


When the two p.c.b.s have been constructed, it is necessary to 
install them into the unit. It cannot be over stressed that any 
connection to the circuit must be carried out with the mains 
supply disconnected. 
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Fig. 5. Component overlay and wiring details for the Burglar Alarm main circuit board 
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When the circuitry has been properly fitted into the panel, the 
testing procedure can be carried out. In order to simplify testing, 
all the terminals from 5 to 14 which have a maximum of. 12V 
supplied to them, can be connected to a 10-way terminal 
connector, so that the links between the terminals can be 
connected and disconnected more easily. It is also recommended 
that the bell output terminals, 3 and 4, are connected to a small 
12V bulb to indicate an alarm condition in order to avoid the 
nuisance caused by bells ringing during testing. 

First it is necessary to connect terminals 1 and 2 to the mains 
supply, fused via a 3A fuse and ensuring that both halves of the 
case are well earthed; then the bell driver board should be 
connected to the main board via terminals 3 and 4. 

For the testing of the single zone panel, the following procedure 
must be undertaken. First it is required that the entry/exit loop is 
made by connecting terminals 5 and 6, the instantaneous loop is 
made by connecting terminals 7 and 9, and the series loop of the 
24 hour circuit is completed by linking terminals 11 and 12. If the 
mains supply is connected and the key is in the off position, the 
dual colour }.e.d. will indicate green, showing that a condition 
where all the doors in the instantaneous loop have been closed 
and all the pressure pads are clear has been simulated. If the key is 
now turned to the on position the dual colour l|.e.d. will remain 
green, butin addition the second red I.e.d. will light to indicate that 
the alarm is set. If the 24 hour loop between terminals 11 and 12 
is made open circuit an alarm output will be indicated by the 12V 
bulb and this condition will remain until terminals 11 and 12 are 
re-connected. 

Then the same procedure should be repeated to check that the 
24 hour loop operates with the key switch in the off position. 
With terminals 11 and 12 re-connected and the key being turned 
off and on again to make sure the alarm has been reset, the 
instantaneous loop can now be checked. To check this loop the 
dual colour l.e.d. will first indicate green, but when the link 
between terminals 7 and 9 is removed this I.e.d. will go red and an 
alarm output will be triggerred; when this link is re-inserted the 
alarm output should remain and can only be cancelled by turning 
the key to the off position. 

So that the pad circuit can be verified the link between terminals 
7 and 9 must remain connected and the key switch turned on after 
the panel has been reset. When a link is shorted between 
terminals 11 and 9 (simulating input from a pressure pad) the dual 
colour |.e.d. should change from green to red and the alarm should 
be triggered as indicated by the illumination of the 12V bulb. Now 
disconnect the link between 9 and 11 and, as with the door loop 
circuit, the alarm will remain on until it is cancelled by turning the 
key to the off position. 

The entry/exit loop is the final loop that is to be tested. With a 
‘green’ condition present, reset the alarm by turning the key off 
and then on again. As soon as the alarm has been turned on, 
remove the link between terminals 5 and 6 (simulating the 
opening of a door in’ the entry/exit loop), leave this link 
disconnected for between 17 and 23 seconds only and then 
reconnect it. If an alarm condition is not realised within a minute of 
this operation the exit delay has been verified. After the verifica- 
tion of the exit delay remove the link between terminals 5 and 6 
once again; after a period of between 20 and 25 seconds an alarm 
output should appear. proving the correct operation of the entry 
delay. 

When the operation of all the sensor loops has been checked, 
the only other test is to check that the 10 minute bell cut-off is 
working correctly. Reset the alarm and trigger an alarm output by 
shorting terminals 11 and 9 together; do not cancel the alarm. If 
the bell cut-off is working correctly, the alarm will automatically 
cancel itself after about 10 minutes (allow up to a maximum of 15 
minutes). Note that the bell cut-off timer is not operational when 
the alarm has been triggered by the 24 hour loop. 

Testing of the two-zone panel is carried out in the same manner 
as the single zone panel, but remember that there are two series 
door loops and two pressure pad circuits that are in operation 
when the zone switch is in position ‘“A‘’. When the zone switch is 
in position ‘‘B"', the pressure pads and door loop circuits in zone 
two are inactive (cancelled)—see Fig. 6. 


Left, the photograph shows the completed unit, opened 
up to show p.c.b.s and interwiring 
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MECHANICAL CONSTRUCTION 


When the building of the circuitry has 
been completed, it is necessary for it to be 
housed in a suitable box. This should be 
both pleasing to the eye and must be 
manufactured out of metal so that it will be 
resistant to attack. If a case of the same 
type and dimensions to that which is 
supplied with the kit is employed, the 
mechanical construction is very straight- 
forward, provided that the instructions are 
followed carefully. 

First it is important to cover all the drilled 
surfaces with masking tape to prevent the 
finish getting scratched, then mark out the 
position of all the holes. These holes must 
be positioned with a high degree of accu- 
racy and centre punched prior to drilling. 
Failure to do this could easily result in 
circuit boards not fitting into the panel or 
possibly the final appearance being 
marred. To make the hole for the key 
switch use the largest drill available and 
enlarge with additional filing (pre-punched 
in kit form). 

Now fit the key switch, fastening it 
tightly so that the body will not rotate 
when the key is turned. There are 2 holes 
drilled in the front of the panel for the 
l.e.d.s into which the 2 bezels from the 
|.e.d. clips should be inserted (the ring part of the clip is not used). 
The main p.c.b. should be placed so that the |.e.d.s soldered to it 
line up with the bezels; bending of the |.e.d. leads may be required 
to enable exact alignment. When the exact placing of the main 
circuit board has been established, the self-adhesive p.c.b. 
supports should be inserted into the board. When you are 
confident of the exact positioning, peel the back from the 
Sg fixing and press the p.c.b. firmly into place, ensuring 

ich support is well stuck down and the |.e.d.s fit correctly into 
the bezels. These p.c.b. supports space the circuit board 13mm 
from the front of the panel and, being adhesive backed, avoid 
unsightly holes having to be drilled into the front of the panel. At 
this point the appropriate wires from the p.c.b. should be 
soldered to the key switch. : 

Next, the bell driver board should be fixed to the base using 
4mm bolts. A sheet of insulating material such as a piece of blank 
p.c.b. must be sandwiched between this board and the metal 
base, to prevent shorting of the tracks, especially when one 
considers that this board is five. 

Next, earth tags should be attached to both the base and the 
front half of the panel using 4mm bolts, scraping away the paint 
from where the tags are to be mounted. Both of these terminals 
should be connected to mains earth. 

Once the cable grommets have been inserted, the construction 
of the panel has been completely finished. When the panel has 
been installed, make sure all the wires leading to the panel are well 
clamped, and if possible, they should be run in conduit for 
protection. 


ZONE SWITCH 


SWITCH 


OPERATION 

Once the panel has been installed in accordance with the wiring 
diagrams shown, make sure that any unused series loop is short 
circuited and that any unused parallel circuit is left open circuit. 

The presence of power is indicated by the illumination of the 
dual colour |.e.d.; this will normally be red when the premises are 
occupied. When you wish to set the alarm all the doors protected 
by the instantaneous loop must be closed and all the pressure 
pads must be “‘clear’’, so that a green condition will be indicated. 
The alarm must not be set if a green condition does not exist. 
When the |.e.d. is green the alarm is set by turning the key 90° ina 
clockwise direction, this will be confirmed by the illumination of 
the second |.e.d. The building must then be vacated within the exit 
period of 20 seconds after the alarm has been set, via a door 
protected by the entry/exit circuit. This exit time can be reset by 
turning the alarm off and then on again. 
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Fig. 6. Wiring details for two-zone operation of the Alarm 
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When returning to the premises the key must be turned to the 
off position within the entry time of 30 seconds, otherwise the 
alarm will be activated. Note that a door in the entry/exit circuit 
being left open wi// not prevent a green condition being indicated 
on entry. 

The 24 hour Panic circuit will operate even when the rest of the 
alarm is not set. This circuit is the only one that will not allow the 
alarm to be silenced after the normal 10 minute cut-off time. The 
only way that the alarm can be silenced when a panic button has 
been operated is to reset the particular button with the key 
provided. With the 2-zone panel, a second set of parallel and 
series circuits is provided that will only be operational when the 
zone switch is in position *‘A*’: in this case, there are two parallel 
pressure-pad circuits between connectors 9, 10 and 11, and two 
series door loops between connectors 7, 8 and Q. In position 
‘A’, connector 10 is common to 9, while in position *'B' (single 
zone}, connector 9 is common to 8. 


Constructors’ Note: 
A complete kit of parts is available, or p.c.b.s only, for 
single or dual zone models from J. R. Alarms. Also 


available: the unit ready-built and tested; and a system 
which includes eight door switches, one panic button and 
two pressure pads. 
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Interesting results with regard to the 
atmosphere of Mercury have been obtained 
by two American astronomers, A. Potter 
and T. Morgan, from the McDonald Obser- 
vatory in Texas. Apparently sodium is a 
major constituent of this excessively ten- 
uous atmosphere. 


Potter and Morgan even suspect that 
Mercury has a “tail” not unlike the ion tail 
of a comet. The origin of the sodium is 
uncertain; it may be produced internally, 
but is more likely to be sputtered off surface 
minerals by the solar wind. 

The Sun itself remains decidedly inac- 
tive, with very few spot-groups. This may 
indicate that there will be no major short- 
term changes in the tail of Halley’s Comet, 
at least on the scale of those observed at the 
1910 return. 

Plans for the launching of the Hubble 
Space Telescope, a 94-inch reflector, seem 
to be going well, and there is every hope that 
the telescope will be in orbit during 1986, 
though not, unfortunately, in time to make 
the best use of the return of Halley’s Comet. 


VOYAGE TO URANUS 

The main “‘space news” this month is, of 
course, the rendezvous of the Voyager 2 
probe with Uranus, which is due on the 
24th. 


Uranus is in many respects a most pecu- 
liar planet. It is now known to be slightly 
larger than Neptune, though not so massive; 
it has a unique axial tilt—98 degrees to the 
perpendicular of its orbital plane—so that 
at present it is almost pole-on to the Sun. 

The rotation period is now thought to be 
about 16.2 hours, considerably longer than 
was believed a few years ago, but the 
Uranian “calendar” must be very strange, 
with each pole having a “night” equal to 21 
Earth-years, with corresponding “midnight 
sun” at the opposite pole. The Uranian 
atmosphere is clear and transparent to great 
depths (unlike Neptune’s, which contains 
obvious aerosols), and there is less am- 
monia than with Jupiter, Saturn or Nep- 
tune, There seems to be a rocky core, 
surrounded by a deep shell of water ice and 
an outer “atmosphere” made up largely of 
hydrogen, together with some methane. 

Uranus also differs from the other giant 
planets inasmuch as it appears to lack an 
internal heat-source, so that it is no warmer 


34 


The Sky This Month 


The coming year will be of special importance for 
astronomers—particularly, perhaps, for those who are 
interested in the Solar System. But for the planetary 
observer, 1986 starts off on a rather dull note. 

Mercury and Venus are to all intents and purposes out 
of view (Venus passes through superior conjunction on 
the 19th of January); Jupiter, in Capricornus, sets not 
long after the Sun. Saturn is visible low in the south-east 
just before sunrise; Mars, in Libra, is also a morning 
object, but its magnitude is only 1.4, and even large 
telescopes will show little upon its disk. Even the outer 
planets are poorly placed; Uranus is in Ophiuchus, 
Neptune in Sagittarius and Pluto in Virgo. 

To make up for this, we have the usual splendid 
display of winter constellations—dominated by Orion, 
which is high in the south after dark. As all star-gazers 
know, the three stars of the Hunter's Belt point down- 
ward to Sirius, which is much the most brilliant star in 
the sky. 

Though, admittedly, it owes its pre-eminence mainly 
to the fact that it is comparatively close to us, Sirius is 
“only” 26 times as powerful as the Sun, whereas Rigel 
in Orion can match at least 60,000 Suns. The distance of 
Sirius is a mere 8.6 light-years; and of the first- 
magnitude stars, only the southern Alpha Centauri is 
closer than that. 

Note, too, that although Sirius is a pure white star, it 
twinkles violently. and flashes various colours. This is 
because it is so bright, and is always fairly low down as 
seen from England. 

Surprisingly, many of the old astronomers (including 
Ptolemy, who died around A.D.180) described Sirius as 
red. Certainly it is not red now, and there seems to be no 
chance that it has genuinely altered since ancient times, 
so that there must be some error in interpretation; all the 
same, it is decidedly curious. 

Capella is now almost at the zenith during evenings 
(the position occupied during summer evenings by 
Vega). Capella is yellow, like the Sun, but is much more 
luminous, and is actually a very close binary. Close 
beside it is the little triangle of stars making up the 
‘Heedi’, or Kids; at the apex of the triangle is the 
remarkable Epsilon Auriges, an eclipsing binary with a 
period of 27 years. 

The eclipsing secondary has never been seen, and its 


_nature is uncertain. The last eclipse ended in 1984, and 


by now Epsilon is back at maximum, slightly brighter 
than the second ‘Kid', Eta Aurigee; but there are suspi- 
cions that it is never quite steady in light, and it is worth 
watching. 

The prototype eclipsing binary, Algol (Beta Persei) is 
high up. Its usual magnitude is 2.1, about equal to the 
Pole Star, but at minimum it falls to 3.4. During January, 
suitable minima occur on the 8th (3.4 hours G.M.T.), 
11th (0.2 hours), 13th (21 hours) and 31st (01.9 hours). 
The most famous of the intrinsic variables is Mira in 
Cetus (the Whale), which has been known to exceed 
magnitude 2; the period is 331 days, but during this 
month it is far too faint to be seen with the naked eye. 


HALLEY’S COMET 

The first part of January is the vary last time that 
Halley’s Comet will be a naked-eye object from Bri- 
tain—that is to say until the next return, that of the year 
2061. The comet moves through Aquarius; the positions 
are as follows: 


January 1, R.A. 22h 15m, declination S. 2° 34’ 
January 5, R.A. 22h 06m, declination S. 3° 28 
January 10, R.A. 21h 56m, declination S. 4° 28’ 
January 15, R.A. 21h 47m, declination S. 5° 23’ 


After the 15th, the comet will set so soon after the Sun 
that it will be lost in the evening twilight. Look, however, 
on the 13th, when the comet will be close to Jupiter and 
the crescent moon. The Moon itself will not interfere 
badly, as it is new on January 10; by the time of full 
moon (January 26) the comet will have been lost. 
Perihelion occurs on February 9, but will be unobserv- 
able from Earth; the only hope of recording it at this time 
will be from the Pioneer probe now in orbit round Venus. 

Generally speaking, Halley's Comet develops its tail to 
the maximum extent well after perihelion. ft will be at its 
closest to the Earth next April (about 39,000,000 miles), 
but will be too far south to be visible from Britain, and by 
the te it returns to our skies it will have faded below 
nak ye visibility. So make the most of your oppor- 
tunities this month, and by ail means try some 
photography. 

At the time when | write these words (November 8) it is 
uncertain whether or not the comet will be easily visible 
without optical aid; we must hope for the best. The 
coma is already very large, with a diameter of over 
600,000 miles (more than half that of the Sun), but the 
comet is decidedly diffuse. 
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than Neptune even though it is much closer 
to the Sun. Its revolution period is 84 years. 

Vague bands and spots have been repor- 
ted on the pale, greenish disk, but photo- 
graphs taken in 1970 from the Stratoscope 
balloon telescope showed no cloud features. 

The outlook for Voyager 2 appears to be 
fairly good. Following the pass of Saturn the 
scan platform carrying the cameras gave 
trouble, and some valuable data were lost; it 
was originally believed that the probe had 
been damaged by collision with a piece of 
ice, but it: now seems that it seized up 
because of several hours’ use of the high- 
rate motion in azimuth. Subsequently, lu- 
bricant seeped back into the mechanism, 
but it was a salutary warning, and the high- 
rate slew will not be used again. 

Preliminary results have shown that, sur- 
prisingly, no “weather patterns” are ob- 
vious. It is still too early to come to any 
definite conclusions, but all the planets so 
far studied from space-probes have pro- 
vided their quota of shocks, and no doubt 
Uranus will continue the trend! 


Ingenuit 


niimite 


Ts circuit was primarily designed for 
interfacing satellite transmitted data 
with the tape input port of a microcomputer 
but can be used to clean up any serial 
frequency shift keyed (FSK) data. Poorly 
taped software can be cleaned up tape to 
tape, without having to load into memory 
and then punch a new tape. (I can’t think 
why anyone should want to do that!) 

The circuit is designed to accept high/ 


FSK CLEANER 


INPUT 
> V5 p/p 


D1 
{N4148 


R2 
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SEQUENCE OF EVENTS 


The time-table for this month is as 
follows: 

January 10: the “far-encounter”’ sequence 
begins. 

January 23: Voyager may enter Uranus’ 
magnetosphere. Of course, we will have no 
definite proof that a magnetosphere exists, 
but all the indications are that it does, even 
though the extra-ordinary axial tilt may 
show that the conditions are quite different 
from those of Jupiter or Saturn. 

January 24: the main encounter se- 
quence. Minimum distance from Uranus 
will be at 18h, 50,700 miles from the cloud- 
tops. All five satellites will also be surveyed, 
between 15h 11m and 20h 53m. 

January 25: Search for ayrore on the 
night-side of the planet. 

Further observations will be made until 
25 February, when the Uranus encounter 
will be regarded as complete. 

Uranus has its own satellite family, about 
which very little is known at the moment. 


The smallest satellite, Miranda, will be . 


examined in the greatest detail, since 
Voyager will by-pass it at a mere 18,000 
miles. The minimum encounter distances 
for the other satellites are 231,000 miles for 
Titania, 293,000 miles for Oberon, 79,000 
miles for Ariel and 202,000 miles for 
Umbriel. 

It is reasonable to assume that all five 
satellites will be icy, similar to the icy 
satellites of Saturn, and that they will be 
cratered; but we cannot be sure. Remember 
that two other planetary satellites, Europa 
in Jupiter and Enceladus in Saturns, are 
very smooth. 

Obviously the ring-system will also be 
examined, and a search will be conducted 
for any extra satellites. The whole encounter 
will be of absorbing interest, and I will 
report upon it when results come to hand, 

Let us hope that Voyager 2 continues to 
perform well. If not, we must resign our- 
selves to a long wait before collecting any 
further close-range data from this strange, 
remote world. 


A selection of readers’ original circuit ideas. 


Why not submit your idea? Any idea published will 
be awarded payment according to its merits. 

Each idea submitted must be accompanied by a 
declaration to the effect that it has been tried and 
tested, is the original work of the undersigned, and 
that it has not been offered or accepted for publica- 
tion elsewhere. It should be emphasised that these 
designs have not been proven by us. They will at any 
rate stimulate further thought. 

Articles submitted for publication should conform 
to the usual! practices of this journal, e.g. with regard 
to abbreviations and circuit sym 


s. Diagrams 


should be on separate sheets, not in the text. 


low frequencies of 2400 and 1200Hz and 
will operate at up to 1200 Baud. 

The system being a phase locked loop, has 
the advantage of being frequency conscious 
rather than level conscious as in similar 
systems using Schmitt triggers. This gives 
good noise rejection and by using a limited 
capture range the loop will automatically 
act as a band pass filter. The circuit will lock 
onto inputs as low as 1-5V peak to peak and 


the output at pins 3 and 4 will be a 9V 
“squared-up” copy of the input. (CMOS 
compatible.) In the absence of any input, 
TRI switches off allowing pin 5 to go high 
and thus inhibiting the free running oscilla- 
tor from appearing at the output. IC2 and 
TR2 form a TTL compatible buffer if 
needed, 
S. Grosvenor, 
Stranraer. 
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LOGIC Probe rnin 


TTL and CMOS compatible logic test aid with 
advanced features including waveform indicator 


OR anyone dealing with digital circuitry, a Jogic probe is an 
invaluable if not essential instrument for proving and testing : 
circuits and projects. There are many types around, offering COMPONENTS eras 
facilities varying from the basic high/low indication to advanced 
logic analysis. . 


; . 1k 
SPECIFICATIONS 10M {2 off} 
The probe described in this article offers a compromise * 12k 1% 
between great expense and high specification. It features; AT TS 
high/low indication, switchable test for TTL and cmos, tone ; ae So (2 off) 
indication, pulse catcher and pulse waveform indicator. R9-R13, R15, R20 510 (7 off) 
Unlike some ‘‘hobby’’ logic probes, the input impedance is R14,R16; R17, R19) IM 4 off) 
around 5M which is sufficient to avoid undue loading of the circuit 220k 
under test. Because of the high input impedance, a screened ; 10k 
probe is used as stray noise pick-up on the input would, : 
otherwise, give rise to false readings. 47 
7p age 
CIRCUIT DESCRIPTION as Sinctampiles Aan 
Fig. 1 shows the full circuit diagram of the logic probe, and the ; 
circuit operation is as follows. Starting from the input, R4 to R8 
form a resistor ladder to produce the switching levels of TTL or 1N4148 (7 off) 
CMOS circuits, depending on the setting of S1. These levels are 3 0-2in Le.d. green 


compared by IC1 and IC2 with the probe voltage. IC1 and IC2 0-2in I-e.d. red (2 off) 
need to be true comparators, since op-amps are generally too 0-2in |-e.d. orange 
slow and would stop the probe’s ability to ‘‘catch’’ short pulses. 0-2in'|.e.d. yellow 


D1, D2 and R1 give protection against the probe voltage being a WN off 
outside the supply levels. R2 and R3 bias the probe into the middle 4041 
of the float region, so that when the probe is open circuit a reading : 4093 


of ‘’float’’ is given. 


8 pin d.i:l. socket (2 off);°14 pin d.i.}. socket (3 off); S41 
d.p:d.t. switch; S2-push to make; S3°S.P.S.T: switch; 
Piezo transducer wire; cable; sockets, etc: 


Table 1. Comparator output truth table 


a ee a - Constructors’ Note: Please. note -it- was found that-in 
practice; the Logit Probe functions better if D6 is replaced 

Float by alink. The p.c-b. for the Logic Probe is available from the 

Low PE PCB Service, ordet number 024 

High 

Not possible 
Table 1 gives the meanings of the comparator output combina- Kh . a r 

tions, These outputs drive the high and low l.e.d.s directly. IC3a ‘ie ‘ rs. 
and IC3b form an EX-NOR gate, the output of which is buffered by : 4 » . 


f 
1C4a to drive the float |.e.d. The comparator outputs are cleaned | 
up by IC3c and IC4b, and the rest of the circuit operates from | 
these signals. | 

R12, D6, C1 and IC3d detect a change from the float state to | 
another state. If this happens then the flip-flop formed by IC5a and | 
| 

| 


: * CHANGE r : 
FiQat @ PuLse Ps 


IC5b is set. Thus if the change is of short duration it is not lost. S2 
resets the flip-flop but note that the flip-flop cannot be reset when 
the probe is in the float state. Thus, the circuit counts a change as 
a change from high or low to either of the other possible states. 
The logic to detect a pulsing waveform, which is counted as being 
about 10Hz or greater is formed by R16, R17, C3, C4, D8, D9. and 
IC5c, 

The oscillator for the tone is based around IC5d. If the pr 


charged via R19. In both cases the discharge path is R 
thus, the two different tones are generated. 
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CONSTRUCTION 


The prototype for this project was built to fit into a small case 
measuring 110 x 75 x 35mm. All the l.e.d.s, switches and probe 
sockets can be neatly mounted on the front of the case. 

Construction starts with the p.c.b., shown in Fig. 2. The smaller 
components such as the resistors and capacitors should be 
mounted first, leaving plenty of working space for the larger 
components. These are followed by the i.c. sockets, l.e.d.s and 
interconnecting wires. The p.c.b. is quite compact, so care must 
be taken to avoid solder splashes and bad joints. 

Once the board has been carefully examined for good work- 
manship, the interconnections to the switches and sockets may 
be made, then after a final check, the i.c.s can be inserted. It 
would be wise at this point, to connect up and test, before finally 
mounting the board in the case. 


TESTING 


There should be little problem testing the logic probe, and 
providing care has been taken during assembly, it should work 
first time. Connect the supply leads to a suitable logic supply and 
make sure that the level (TTL or cmos) switch is set to the correct 
type. Touching the probe onto a high level should cause the high 
indicator to glow, and a similar result should be apparent for a low 
test. To test for correct pulse and change indications, the probe 
may be very quickly touched onto a high level and then a low level. 
When the probe is not connected, the float |.e.d. should light. #* 
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HE BBC Micro's sideways ROM facility 

is a much vaunted and extremely useful 
feature of the machine. This month we take 
the lid off the sideways ROM system, and 
look at how the ROMs are organised and 
controlled within the micro. 


SIDEWAYS ROMS 


The idea of using ROMs for storing 
software is now well established in all areas 
of computing and control applications. 
However, and as you might well have 
guessed from previous encounters, the 
structure of the bytes inside a sideways 
ROMs in the BBC Micro is a little more 
complex than simply starting the code in the 
first available byte, and continuing from 
there. Before looking at this structure, how- 
ever, it is worth reviewing the overall 
concept of the sideways ROM system. 

Essentially the sideways ROM system in 
the BBC Micro is an ingenious method of 
overcoming the address range limitations of 
the 6502, but without resorting to loading 
programs from tape or disc, Since it has 
become the norm for 2 home computer to 
be ready to run BASIC immediately after 
switch on, this really requires the language 
to be provided in ROM. The BBC Micro has 
an addressing range of only 65536 (64K) 
memory locations. The BASIC language 
ROM uses a quarter of this address range on 
its own, and this does not leave much spare 
for other uses. What is done, therefore, is to 
provide a means of switching out the Basic 
ROM when not required, and switching in 
another language. This other language may 
be a ‘real’ language (e.g. Forth, BCPL), or an 
application such as a word processor. The 
hardware and OS 1.20 software in the micro 
allow up to sixteen such ROMs to be used 
(with a suitable ROM expansion card). 

The memory map for the BBC Micro is 
shown in Fig. 1. From this we can see that 
the sideways ROMs occupy memory ad- 
dresses 8000 to BFFF, i.e. 16K of address 


space. In practice, sideways ROMs are: 


usually either 8K or 16K ePROMs Coragiple 
by ultra-violet light). The. actual 

selected at any time is determined by a 
hardware register located at FE30. How- 
ever, this is a write-only register, so the 
MOS keeps its own record of the currently 
selected ROM in RAM location OOF4 (for 
OS 1.20). Issuing the following command 
from the keyboard while BASIC is active 
should therefore indicate the socket occu- 
pied by the BASIC ROM: 


PRINT “Current ROM = ”;?&F4 


When looking at the result, it is worth 
remembering that the four sockets on the 
standard machine are numbered 12 to 15. 
The OS maintains the contents of location 
OOF4 so that it always reflects the setting of 
the hardware latch. Changing the currently 
selected ROM via the various OS calls 
provided will ensure that the system contin- 
ues to operate correctly. It is not advisable, 
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however, to manipulate the hardware select 
register directly from BASIC, since this may 
crash the machine by de-selecting BASIC. 


FINDING BASIC 


The MOS treats BASIC as a special case 
of a sideways ROM. As we shall see later, 
BASIC is recognised by being a language 
ROM without a service entry (all will be 
explained!). The MOS provides, among 
other facilities, an OSBYTE call (187) to 
allow the current location of the BASIC 
ROM to be determined. This call returns 
the socket number in the X register; if 
BASIC is absent, the value will be FF. Thus, 
if we run the program in Listing 1, the result 
should be the same as obtained earlier. 

This OSBYTE call is very useful for 
diagnostic programs which mix BASIC and 
assembler. It allows us, for example, to 
write programs which have machine code 
sections for analysing ROMs, safe in the 
knowledge that we can always return to 
BASIC at the end. The control, set up and 
display sections can thus be written in 
BASIC, leaving the data collections to 
machine code procedures, 


FFF 
l Lr MAX 16 
= 
” 
wale SELECTED 


MOS 
SOFTWARE 
(ROM) 


coo 
BFFF 


PAGED 
ROMS 
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Fig. 1. BBC 
Micro memory 
map 
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ROM STRUCTURE 


The ROMs in the BBC Micro are re- 
quired to have a defined structure in order 
to operate correctly in the machine. This 
structure affects the use of the first few bytes 
in the ROM, ie. the twenty or so bytes 
starting at address 8000. The format re- 
quired of a sideways ROM is summarised in 
Table 1. This table identifies the offset in 
bytes from the start of the ROM. 8000 must 
thus be added to get the effective address 
when the ROM is located within the 
machine. Thus, for example, the binary 


MSc CEng MIEE 


version number will be found in location 
8000 + 8. Table 1 is far from self explana- 
tory, so a few words are probably appropri- 
ate on each of the items in the table, 

Any program which is written such that it 
is independent of another language should 
be written as a language. The first three 
bytes in the ROM contain an instruction of 
the form JMP nnnn, where nnnn is the 
jump address. Thus the first byte is always 
4C (the JMP opcode). If there is no language 
entry, these bytes should all contain 00. 

All paged ROMs must have a service 
entry, with the exception of BASIC (which 
is how it is detected!). This is the entry point 
to the ROM which must be capable of 
handling all of the calls sent to it by the 
MOS. There are in all 21 possible service 
call codes, and the call ID is passed in the 
accumulator, For example, call type 9 is the 
*HELP call, and the ROM must respond at 
once. Service call 4 is used for allowing 
“new” *commands to be provided by the 
ROM. When a service call is made it is 
passed to each ROM in turn (highest priori- 
ty first) until one is found which recognises 
the call. This ROM will then set the call type 
to 0 to indicate that the call has been 
serviced. The three bytes in the header are 
in the form of a JMP mmmm, where 
mmmm is the start of the ROM’s service 
call processing routine. BASIC contains 00 
in each of these bytes. 

The ROM type byte identifies the nature 
of the ROM. In the main, this byte takes 
only one of three values: &C2 indicates a 
ROM with language and service entry 
points, e.g. View, Wordwise; &82 indicates 
a ROM with only a service entry, e.g. the 
Acorn DFS; while Basic has a type number 
of &60. 

The copyright offset identifies the num- 
ber of bytes from the start of the ROM to 
the 00 byte immediately preceding the 
copyright string’s .opening ,bracket. Thus 
8000 plus the contents’ of the offset byte 
gives the. address of the null byte. The 
- format of this string is vitally important, 

“ rand must start with a 00+byte, and then 
“(CC)”, since'this iswhat the.MOS checks for 
~ in detecting .the présence ofa ROM during 
initialisation. 

The binary version number is a single 
byte provided solely for the programmer, 
and it is never used or read by the MOS. 
The version string is optional, and is not 
output by the MOS, although it can be 
output by the programmer during the pro- 
cessing of *HELP. 

The title string is output by the MOS 
when the ROM is initiated if it is a 
language. Thus typing *BASIC will cause 
the title string to be printed. The ASCII 
string is terminated by a 00 byte. This string 
is also usually the one printed during the 
processing of *HELP, followed by the ver- 
sion string. 

The final item in the header is the tube 
relocation address. This four-byte value 
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gives the address in the second processor's 
memory to which the contents of the ROM 
will be copied. A tube relocaion address is 


Addr Bytes ASCIL 


Sooo Ac 96 80 4¢ 30 80 c2 16 L..Lo... 
8008 10 57 4F 52 44 §7 49 53 .WORDWIS 
S010 45 OO 31 2E 32 30 00 28 E.1.20.{ 
8018 4&3 29 31 39 38 34 20 43 C)i98a c 
8020 4F 4D 50 55 54 45 52 20 OMPUTER 
8028 43 OF 4E 43 45 50 54 53 CONCEPTS 
8030 08 48 cg O4 FO O7 CO OO . 

8038 DO 1E 4C EA 81 98 48 BA ..L,..H, 
Boho 48 A2 00 Bi F2 29 DF DD R....).. 
8648 09 80 DO 3K CB E& £O 08 ...>.... 
8050 90 F1 BO 3A 68 AA 68 AS ...:h.he 
6058 6A 28 60 68 AA 68 AS 68 Hi fh. h.h 
8060 Ag 00 28 60 AO 7B 85 51. 


Fig. 2. ROM header example 


10 REM Basic ROM Socket Number 
20 REM ------+-~- 3-H eee een 
30 REM 

40 OSBYTE<&FFFU 

50 TempX-8% 

60 DIM PX 10 

7o [OPT 0 

80 .basic: LDA #187: LDY #&FF 
90 LDX #0: JSR OSBYTE: RTS: ] 
100 PRINT "Basic ROM in socket "; 
110 S=(USR(basic)AND&FFOO)}DIV256 
120 @X¥=-8202: PRINT S: @X=Tempx 


Listing 1 BASIC ROM position 


Offet Contents 
Qo Language entry point 
3 Service entry point 
6 ROM type 
‘a Copyright offset pointer 
8 Binary version number 
9 ROM title string 
&00 
Version string 
&00 
"(Cc)" + Copyright string 
&00 


Tube relocation address 
ROM software 


Table 1. Sideways ROM format 


MOVEABLE BOUNDARY 
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Fig. 3. Another way to view the BBC 
Micro memory map 
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expected by the MOS if bit 5 of the ROM 
type is set. The ROM must, however, be 
written with this relocation in mind if 
second processor operation is required, 
since no address conversion in the code will 
occur. 


INSPECTING ROMS 


The description above is a little heavy 
going to say the least! In truth it is only 
possible to give a brief flavour of the subject 
to get you interested in what really is a 
fascinating area of the BBC Micro. A fuller 
description of the sideways ROM system 
will be found in the following books (two of 
which have been reviewed in earlier 
columns): 


Useful 
Book 


Reminder 


The BBC Micro ROM Book, by Bruce 
Smith, Collins, ISBN 0-00-383075, A 
very readable step-by-step guide to the 
working of ROMs, and writing soft- 
ware for them. 


The Advanced User Guide, Bray, Dick- 
ens and Holmes, Cambridge Micro- 
computer Centre, ISBN 0 946827 00 1. 
A very complete guide in Chapter 15, 
but heavy going. Reading one of the 
other two books first will avoid mental 
indigestion. 


BBC Micro ROM Paging System, War- 
ford Electronics. A good introduction 
which is also useful as a summary in 
conjunction with either of the other 
two books. 


To bring the description of sideways ROM 
structure to life, one of the best ways is 
undoubtedly to look inside a ROM to see 
how it works, An example of the header of a 
ROM is shown in Fig. 2. 

Finally, it is worth knowing that the MOS 
provides us with a way to read a byte froma 
selected ROM. If the routine OSRDRM is 
CALLed at FFB9 with the ROM number in 
the Y register, the address in the ROM in 
locations OOF6 and OOF7, the value in the 
ROM byte indicated will be returned in the 
A register. 
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GROUP PA. DISCO 

AMPUPIERS post £2 

Jao wet Amelie 4 ln nereer pre ving erates en 
watt Output, my, 448+ 1B ohm, Outputs - 

SOOT TED waht sharon S00 reat Kone Sieve G00 hoe tonae 

150 watt P.A. Vocal, 8 inputs. Hi 

700 watt Valve Model, 4 inputs, 5 Heavy duty... £125 

60 watt Mobile 240v AC and 12v DC, 4-8-16 ohm+100v line £89 

MIKES Dual Imp £20, Floor Stand £13, Boom Stand £22, PP £2, 


Reverb Unit for M or Musical Instruments £36 PP £1. 
Electronic Echo Machine for mic/etc. £85, Deluxe £96 PP £1, 

1 mono, 500w stereo quality amy model 
H-+Heteos, Feconditioned, guaranteed ¥ Pe PPE. 
DISCO CONSOLE Twin Decks, mixer pre amp £145, Carr £10. 
Ditto Powered 120 watt £199; or Complete 120 watts £300. 
150 watt €300; 360 watt £410. Carr £30, 

DISCO MIXER. 240V, 4 stereo channels, 2 magnetic, 27 caramic! 
tape, 1 mono mic channel, twin v.u. meters, headphone monitor 
outlet, slider controls, panel or desk mounting, matt black facia. 
Tape output facility. £59. Post £1. 
DELUXE STEREO DISCO MIXER/EQUALISER as above plus L.E.0, 
V.U. displays 5 band graphic equaliser, left/right fader, switchable 
inputs for phone/line, mike/line. £129 
Headphone Monitor, Mike Talkover Switch PP £2 
As above but 3 deck inputs, 4 line/aux inputs, 2 mic inputs, 2 
headphone monitors £145. 


RCS. DISCO 


UGHTING EQUIPMENT 
READY BUILT DELUXE 4 CHANNEL 4,000 WATT sound chaser + 


speed + 4 programs £69, Mk2 16 programs, £89 PP £2. 


PARTY UGHT 4 coloured Flood Lamps Flashing to Music. 
Self-contained Sound to Light 410 « 196 x 115mm £34.95 PPE2. 
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MS Te ee one ae 
£52; 75W £56; 90W £75; 150W £84, 
200 Watt £100, 400 Watt £150. carr £12. 

300 WATT MID-N-TOP SYSTEM Complete £125 cart £12. 
TWEETER HORNBOXES 200 Watt 300 Watt £38, PP £2, 
WATERPROOF HORN SPEAKERS 8 ohms. 25 watt £20. 30 watt 
£23, 40 watt £29. 20W plus 100 volt line Post £2. 
MOTOROLA PIEZO HORA TWEETER square £6 
100 watts, No crossover required. 48-16 ohm, 74> 3'/ain. ee 
METAL GRILLES gin £3, 10in £3.50, 12in £4.50, 15in £5.50, 18in £7.50. 


FULL STOCK OF COMPONENTS, PLUGS, LEADS, ETC. | 


MAINS TRANSFORMERS 

250-0-250V BOmA, 6.3V 3.54, 6.3V 1A_ 

350-0-350V 250mA, 6.3V 64 CT £12.00 Shrouded 
220V 25mA. 6V 1 Amp £3.00 220V 45mA. GV 2 Amp 
250V GOmA, 6.3V 2A, 


Low voltage tapped available 
lamp oe 10, 12, 16, 18, 20, 24, 30, 36, 40, 48, 60 
ditto 2 amp £10.50 3 amp £12.50 


31-26-0-26-33 volt 6 amp 

LOW VOLTAGE MAINS £5.50 each 

OV, 3A; 12V, 3A; 16V, 2A; 20V, TA; 30V, 1/2; 30V, 5A+ 17-0-17V, 
2A; 35V, 2A; 20-40-60V, 1A; 12-0-12V, 2A; 20-0-20V, 1A; SOV, 2A. 


£8.50 post 50p MINI-MULT! TESTER 

Pocket size instrument, AC/DC volts, 15-150-600-1000. 

DC current 0-150mA, Resistance 0-100K 1000 9.p.v, 

DeLuxe Doubler Meter, 50,000 o.p.v. 7 x 5 x 

2in. Resistance 0/20 ind Current 50mA to 

10A. Volts 0.25/1000v DC, 10w/1 AC. £25.00 PP £1 
PANEL 5OmA, 100m, 1 Bm, T00mA, S00mA, 
J amp, 2 amp, 5 amp, 25 volt, VU 24/4x21 4in, £5.50 post 0p 


Vinyl Steel Top, Alum Base 

4x 2V2 x 2\4in. 26x 4 1 Vain. £3.60; 8 « 5 x Zin, £4.00; 11 x 
6 x Jin. £5.50; 1154 x 6 x Bin. £9.00; 15 x 8 x din. £12.00. 
ALUMINIUM PANELS 18 sg. 12% 12in. £1.80; 14% Sin, £1.75; 
6 = 4in. 5p; 12 x Bin. £1.30; 10 * Tin. 96p; 8 x Bin. 90p; 14 x Bin. 
T2p; 12 < Sin, 8p; 16 * 10in, £2.10; 16 * Bin, £1.30, 

Allow extra PP 
ALLUM BOXES. MANY OTHER SIZES IN STOCK. 
4x 21/2 ® 2in. £1.20; 3 x 2 x Tin, £1; 6 x 4 x 2in, £1.90; 8 x 6x3 
in. £3; 12 = 6 x 3in, £3.60; 6 x 4 x Sin, £2.20; 10 x 7  3in. £3.60 
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AUTOCHANGER GARRARD Ceramic 

Many others in stock. Phone for details. 

DECCA TEAK PLUNTH. for small amplifier, 
Board cut for Garrard 1: x 14 x 4in. £5. Post 
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N the January issue of Practical Electronics we gave an outline of 

the nature of the activities of MEP (Microelectronics Education 

Programme) and some more general detail of the thrust of the work 
of the Electronics and Control Technology (ECT) domain. 

The reasoning behind many of the ECT initiatives is that 
microtechnology is increasingly pervasive in its influence on the 
world of work, leisure, education, the daily organisation of our 
individual lives and the way in which society is organised and 
controlled. Therefore, in a democratic society, all citizens should be 
well enough educated about the nature and capabilities of this new 
technology in order to be able to intelligently influence its adoption, 
application and development. 

This article describes in some detail the nature of two separate 
but integrated resources which are now being used in an increasing 
number of schools and colleges. They have been designed to enable 
a process in which all young citizens at school become well enough 
educated about the nature and capabilities of the new technology. 

The two modules are titled Microelectronics For All (MFA) and 
Control Pathways. The term Microelectronics For all is largely self- 
explanatory and the work done by the pupils in MFA provides an 
introduction to programmable control systems. Control Pathways 
carries on the development of these ideas and associated concepts 
to a degree of sophistication which is appropriate for the pupils and: 
level of study concerned. For some pupils this might well involve 
the use of feedback principles in a systems design and associated 
program. Taken together these two resources provide experiences 
for pupils which put them well on road to having a comprehensive 
appreciation of IT Systems and their application. 


Fig. 1. How microelectronics technology affects every aspect 
of our lives 
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Part 2 Graham Bevis & Michael Page 


THE BACKGROUND TO THE MFA EXPERIENCE 


Microtechnology affects every aspect of our lives and Fig. 1 
illustrates the extent. of this range. Three particularly significant 
points emerge: the breadth of the application of microtechnology is 
indeed pervasive in its effect on human existence and activity; the 
application and effect of microtechnology has been rapid and 
profound and indicates potential for further application vastly 
exceeding that so far seen; while the range of microtechnology 
applications and uses are wide there is a set of common principles 
and techniques underlying each application. 

In general all systems utilising microtechnology may be described 
in terms of the classical system model (Fig. 2). In fact, this model 
applies equally well to any system having a controlled output and 
will be familiar to other students of systems behaviour and 
processes, e.g. biologists, members of the medical professions, 
sociologists, etc. Clearly, it would be conceptually quite difficult for 
most young people to understand all the implications of this model, 
and the relationship and enerality of all the fundamental processes 
which it embodies, But the MEP/MFA experience sets out to enable 
pupils to explore practically many of the fundamental processes and 
techniques used by microelectronic systems and, as a result, to 
begin to see how they fit together into the overall systems 
framework. 

Some important key words and associated processes to be 
explored are: 


SENSE What is electronic information? What can it be used for? 
How is electronic information sourced? How is the information 
put into a system and used to control the system to enable it to 
perform a useful task? 


DECIDE What are the processes through which the sensed 
information and the required system response produce the 
signals to implement the ‘useful tasks’ performed by the system? 


ACTION What are the devices and associated processes which 
produce the output or function of the system control? 


Among other key words and associated concepts incorporated in 
the MFA experience are: count, remember, sequence, address, 
binary, digital, pattern, analogue. The words, and their associated 
concepts and techniques, apply universally to microtechnology 
systems. The development and appreciation of these terms is built 
into the pupils’ learning process through the use of the MFA 
modular course. 

It is perhaps worth noting here, as an aside, that one effect on 
pupils of the MFA experience, and noticed generally by teachers, is 
the significant effect on pupils’ development, vocabulary and use of 
language. The work scheme requires pupils to work in groups to 
work out problems which they find meaningful, challenging and 
satisfying to solve. This approach directly requires pupils to 
formulate concepts and to be able to express them. What better way 
to develop a capability in language and communication that the 
current education process is reputed to be less than effective in? 
Furthermore, many pupils—previously not motivated by tradi- 
tional study—find a sense of purpose which creates a willingness to 
learn, with some results which are frequently surprising to their 
teachers. 
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GENERAL DESIGN CONSIDERATIONS Fig. 2. The classical feedback system 


FOR MFA HARDWARE 


The work in which the pupils engage is 
aimed at developing an understanding of 
the processes of the technology and their use 
and is most definitely not a study of the 
technology itself. (That could follow for C 
those pupils for whom it is appropriate). 
Besides being the appropriate approach 
from an educational point of view it also 
means that, given suitably designed hard- 
ware, it is not necessary for the teacher 
responsible for delivering MFA to be a technologist or specialist in 
any way. Clearly, this is essential for a scheme of work which is to be 
implemented in every secondary school and where specialists, 
whether they be CDT (Craft, Design and Technology) teachers or 
scientists, are currently in desperately short supply. The MFA 
equipment also needed to be designed so that 


1. It did not require specialist laboratory facilities and was readily 
transportable (a class set of MFA for thirty pupils fits into two 
moderately sized cases and that includes the power 
system—batteries). 

2. Whilst being flexible in terms of its facilities and their use (MFA 
is designed to be a problem solving exercise) it needed to be 
constrained in layout and capability, to make it easy for pupils of 
all abilities to use. This criterion is also necessary so that the 
teacher overseeing pupil work groups can see and interpret what 
they have done and to spot mistakes and misconceptions in the 
pupils’ solutions to particular problems. 

3. The board layout needed to reinforce the fundamental concept 
of the systems structure in terms of its functional operation. 

4. The board system needed to be modular so that the first 
experience of the pupils was with a subset of the facilities of the 
system. Modules are added to increase the capability of the 
system and introduce more concepts and techniques stage by 
Stage. 

We stated earlier that the classical system structure, and 
associated operations, is too complex to appreciate in one set of 
conceptual steps. In fact how many engineers/technicians could 
give a lucid, clear, coherent explanation of its form and process. 
However, appreciating the basic concept of the structure and its 
associated process is a key to being able to interpret the nature and 
capability of microtechnology in its many guises and applications. 
MFA begins the development of this appreciation with the 
presentation of a simplified model of the system. 

The simplified representation of the classical model conveyed by 
the MFA experience and defining the layout of the hardware 
modules and the way in which they are used is.as shown in Fig. 3. 
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Fig. 3. Simplified representation of the classical model 


The basic MFA modules, which are on boards of physical size 
approx 24 x 14cm, are laid out according to this model and can be 
connected together in combinations. 


THE FIRST MFA EXPERIENCE—DECISIONS 

Pupils begin with the decisions module (photo 1) which estab- 
lishes the linked concepts of sense, decide and act. 

Remember the MFA scheme was devised for 11-14 year old 
pupils. Some will never have wired anything for themselves before 
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and so they begin with very simple exercises designed to familiarise , 
them with the system and to start establishing the basic concepts 
and techniques which they will subsequently use in solving some 
problems. 


Photo. 1. Decisions module 
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On the left hand (input) side of the module are four input devices. 
A simple slide switch and a touch switch, both human signal 
devices; one to provide a permanent signal on or off input and the 
other to provide an intermittent signal which embodies a control 
function. The other two devices are also digital in operation and 
provide signals to indicate light and temperature levels. 

A feature to bear in mind is that signal paths are indicated on the 
boards (by lines) and signals can be connected, inserted or 
intercepted via 2mm sockets. 

On the right hand (output) side of the board are three devices 
which can be controlled by digital electronic signals. These are a 
buzzer, a light bulb and a relay. (The relay’s significance becomes 
particularly apparent in later exercises with additional MFA 
modules when they are used in the control of devices such as 
motors, enabling vehicles to be moved and steered.) 


‘ A first exploration of the decisions module leads the pupil to find 


that light may be used to turn the buzzer on or off when it becomes 
dark. The answer to the question as to how the action is reversed is 
revealed by the use of the NOT gate. 

Pupils then explore the use of the humble AND Gate as a 
multiple input (two in this case) information processing device and 
are given the following problem: ; 

Our Government has not realised it as yet, but if we all went to 

bed earlier, perhaps when it gets dark, and got up earlier when 

it is light, we could save a lot of energy. How could we make a 

clever doorbell which only sounds during the day and not at 

night? 

The pupils then have to find out how to use the gates available on 
the decisions module to produce a system to solve this problem. 

Please note that this is not the traditional academic introduction 
to logic gates with truth tables and Boolean algebra. Such an 
approach serves little purpose here but may be introduced at a later 
stage to those pupils whose interest has been stimulated by MFA to 
go onto further study and who have rather more advanced problems 
to solve. 

So the pupils have explored electronics sub-systems in the role of 
‘sense’, ‘decide’ and ‘act’ and have established these separate 
concepts as well as the idea of a system as a whole. Now we need to 
introduce the next stage of system capability, namely that of 
numeracy and being able to count and keep track of events. 
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Rg Photo. 2. Counter module - 


THE SECOND MFA EXPERIENCE—COUNTING 


The counter module (photo 2), which is used to illustrate binary 
counting and which may be simply slotted onto the decisions 
module, consists of a touch switch and pulse unit for input, a 
resettable 4-bit binary display with external connectors, and an 
analogue (hexadecimal) display. 

Pupils are able to explore a number of concepts and techniques 
which they will again be able to use in problem solving work. They 
count how many times their ‘clever’ door bell was pushed while they 
were asleep and undisturbed. They observe binary patterns dis- 
played and quickly perceive that these can as equally validly 
represent numbers as the equivalent analogue display with which 
they are familiar. The comparisons serve to emphasise the distinc- 
tion between digital processes and representation and their ana- 
logue world, 

This is an important concept when it comes to appreciate the idea 
of the human/technology interface and the fact that we have yet so 
far to go in using the capability of microtechnology to improve this 
interface. 

The counter system has a reset facility so pupils can begin to 
explore problems which help them towards an appreciation of the 
use of microtechnology in industry. They can count how many 
times a light beam (sensed by the light sensor) has been broken. This 
might be equivalent to the counting of objects on a conveyor belt 
and the pupils can arrange for a relay to be activated after a given 
number of counts. They readily interpret that this would be useful 
in a packaging process. Some support materials devised for the 
MFA work, such as the series of three BBC schools’ television 
programmes, are designed to link the practical classroom ex- 
perience of MFA to applications in the world outside. 

The counter board also incorporates a variable frequency pulse 
unit, the use of which the pupils explore. They can use this as an ele- 
mentary clock and they will also use it to control the output of 
sequences of binary patterns which can be stored in the memory 
module. So MFA has demonstrated ‘sense’, ‘decide’, ‘act’ and 
‘count’ and now we need the ability to memorise and repeat and to 
implement a sequenced process. 


THE THIRD MFA EXPERIENCE—MEMORY 


The memory module (photo 3) is able to store two sets of 16 four- 
bit binary patterns. The location of each stored pattern is defined by 
a four-bit address which is provided from the output of the counter 
module by a direct link between the two modules. The two sets of 
memory space are separately enabled, by the memory select switch 
or its input socket. 


Photo. 3. Memory module 
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The pupils explore the concepts of ‘store’, ‘address’ and of binary 
patterns representing information other than simple numbers by 
using binary patterns to contro! devices. Note the format of all of 
the modules with information coming in at the left hand side, 
processing in the middle and the resulting signals available for 
control purposes on the right hand side of the board. 

One device controlled by these signals is a music module. 
This simply plugs onto the four-bit bus at the right hand side of the 
memory module and responds differently, in terms of note, to each 
of the 16 possible binary patterns. The best note corresponds to 
0000 (i.e. silence is golden) after which the note increases in pitch by 
one semitone for each one unit increase in the binary pattern. 


MORE COMPLEX PROBLEMS 


The pupils now have lots of concepts and practical techniques 
available for use. One problem they are given is to arrange in the 
memory a sequence of notes to play the tune Early One Morning. 
They are then asked how they can couple this to their light sensor to 
arrange to wake them up as soon as light dawns, which is when their 
‘clever’ doorbell is reactivated. 

Exercises with the music module enable the pupils to see how a 
digital pattern may be used to control an analogue quantity. 
Another exercise in control is to see how simple on/off actions with 
a multi-bit pattern can be sophisticated in effect. The MFA system 
has a four-bit pattern storage and delivery capability. Each bit can 
be used to control a single device in an on/off mode. With two relays 
and two electric motors assembled into a ‘buggy’, we can make the 
buggy go forwards or backwards, turn right or left and spin, etc. The 
pupils then explore how they can cause the buggy to move through a 
maze pattern, according to a contro] sequence stored in the memory 
system. 

They soon find that such open loop control, which has no sense or 
guidance, is of limited value. The ground is thus established to 
develop the idea of ‘feedback’ and the role that it plays in all our 
lives, and the technological systems which we develop for our use. 


A FURTHER MFA EXPERIENCE—THE COMPUTER 
INTERFACE 

So far the pupils have done their binary coding with simple 
switch controlled devices, The whole MFA system is now replaced 
by a keyboard programmable system, with its own more easily 
interpreted VDU display. 


Photo. 4. Computer module 


Following work with the music and movement modules on the 
basic MFA system, a computer interface (photo 4) is used to link the 
concepts and ideas that the pupils have developed to the all familiar 
microcomputer. They use the microcomputer with its interface to 
control the buggy and the music module to perform exactly similar 
tasks to the MFA system. They see it to be more cumbersome and 
expensive, but simply and conveniently programmable and vastly 
more capable and versatile. 

Interfaces and associated software for MFA have been developed 
for BBC ‘B’, Research Machines *480z’ and Sinclair ‘Spectrum’ 
microcomputers. 

But what of the more sophisticated tasks of the real world. What 
sort of electronic systems are there in our washing machine or car? 
How do we achieve more effective control than that provided by the 
controlled sequence, open loop, system? This is where the pupils 
move on to Control Pathways but, before we describe this, there are 
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one or two more issues to consider about the purpose of MFA and 
its materials. 


THE PUPIL WORKSCHEME FOR MFA 


MFA is designed for the mainstream 11-14 age range. That 
means the work has to start from a basic approach and be extended 
according to pupils’ abilities, needs, aspirations and demands. An 
individualised practical activity like that of learning about micro- 
electronics systems can easily meet these requirements. 

All the pupils go through a series of core exercises defined on 
workcards (photos, 5a and 5b) which use as much illustration as 
possible to cut down the degree of written detail. The core exercises 
then lead gently into simple problems which all but the least able 
pupils can solve. The problems then increase gradually in demand. 

In order that all the pupils may complete the full course, the work- 
scheme is modular in an exactly parallel manner to the hard-ware. 
After a given time working on the decisions activities, all the pupils 
move onto the counter module. Clearly, some will have gone a 
limited way with the decisions problems while others will have 
completed all the problems and even made up some for themselves. 

It is very pleasing to find clever pupils putting together more than 
one set of the modules to solve more complex problems. For 
example, if you want a system which can both count and 
incorporate a delay routine which is activated according to the 
system circumstances, then you need two counter modules and 
perhaps even two memory modules. The amount of pupil to pupil 
learning which goes on in this type of work is highly significant. 
Who says the teacher should be the only (the major?) input to the 
learning process? 

The whole scheme of work is defined and supported through the 
pupil workcards and a teacher’s guide. MEP has been providing 
2 day MFA inset courses for teachers. With the termination of MEP 
at the end of March it will be up to the LEAs to provide their own in- 
set. Unilab, the manufacturers of MFA, are currently producing and 
delivering about 35 class sets of MFA per week. Even that amounts 
to a lot of teacher training needed. Given that there are 5500 
secondary schools in the UK, there is a very long way to go before 
every pupil gains this experience. 

We in MEP most certainly believe that all pupils should be 
educated about the technology before they leave school. To catch 


Photos. 5a and 5b showing both sides of the AND gate workcard 
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the pupils already past the age of 14, MEP has developed material 
to enable MFA to be used in the context of a sixth form general stu- 
dies course. The associated course materials are termed /T in 
Society and these emphasise the development of technology 
awareness among older pupils, most of whom will be intellectually 
very capable of translating a practical experience of MFA into an 
appreciation of the wider implications of microtechnology. 


MFA/CONTROL PATHWAYS AND TECHNOLOGY 
AWARENESS 

We have said that a prime objective of MFA and the subsequent 
work on more sophisticated aspects of control is intended to 
provide an awareness of technology in general, and microtechno- 
logy in particular. So what is the technology for and why do we go 
on developing its capability at an ever increasing pace? 

Technology development has moved through certain very clear 
periods in our recent history. The state of the technology at each 
advance can be summed up as follows: 

“Technology involves a process of problem solving which, by the 

maximisation of human skill at the design stage, aims to 

minimise human involvement in the operation of the solution. 

“Stage One Technology substituted machines for human manual 

skills and provided an increased capability in terms of precision, 

power and speed. 

“Stage Two Technology additionally substitutes silicon chip 

systems for human monitoring and decision making skills. 

“Stage Three Technology might aim to replace the human factors 

in the design process. (This has not yet been achieved and many 

would doubt that it is possible at all).” 

What place Luddism, then or now? Technology is about minimis- 
ing human involvement in tasks which are definable and most 
naturally those which are repetitive. No-one in their right mind 
denies the advantages of utilising technology systems in place of 
people in ‘undesirable’ environments. 

The significant and enormous change which is now so radically 
and rapidly altering the order of things is due to the fact that 
microtechnology can now do things like sense and decide. A whole 
new range of tasks are within the new capability of technology 
which were previously reserved for human enactment. 

One further factor which has so significantly contributed to the 
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effectiveness of microtechnology is that it enables the many 
pypcesses previously used in technology systems to be integrated 
into one common enabling technological process. We have been 
able to integrate gathering, storing, processing and communicating 
information into one single technological implementation, The full 
effect of this on the process of control technology, which is now 
assisting humans to step down from so many employment roles, has 
really yet to be realised. However, it is not that we are simply taking 
away traditional applications for human labour but that we are also 
creating the potential to be able to do so many things which could 
not have been done before. 

Significantly, microtechnology has also enabled itself. We use the 
last generation of microchips to build systems which are used to 
help design, manufacture and test the next generation. So chips 
themselves have begotten their own evolution! But let us pause for a 
minute and consider. Are there limitations to the further develop- 
ment of this technology now or likely to appear in the future? 

We could use a microtechnology system to control a machine to 
cut beautiful glass goblets to an exact precision over and over again. 
But who/what does the initial design? Are we really very near the 
position of jumping in our motor car and saying ““Home, James” 
and waiting for our mini, micro-controlled, car to respond? It is an 
appreciation of factors like this which are so important to the 
education of our pupils and, indeed, equally important to the adult 
population. 

Society is going to be faced with many decisions to make about 
technology and its implementation. We should all take part in that 
decision process from the standpoint of intelligent understanding. 
Never before has any section of the human race been faced with 
such influences for major change in the order of things. One thing is 
certain, no matter how much we would wish to turn the clock back 
to a period of slower change, which is more governable and 
comfortable, the reality is that the change will become ever faster 
and faster. 

The underlying philosophy behind MFA and its extension in 
Control Pathways is to help prepare young people for the realities of 
that situation as understanding, contributing adults-to-be. The 
ambition of this aim is clearly considerable, even presumptuous. It 
sets huge demands on the teachers required to implement it. The 
teachers will require a great deal of help to convey a full meaningful 
experience of the form outlined above in the context of a classroom. 
Axiomatically this ultimate objective will be achieved only through 
the pupils developing their knowledge and understanding through 
many relevant experiences, of which MFA will be just a part. 


CONTROL PATHWAYS AND MEP 3 CHIP PLUS SYSTEM 
Control Pathways is a range of resources designed to support a 
practical-based introduction to one of the most important applica- 
tions of microprocessors—as the heart of programmable control 
systems. 
It is very much a national MEP team effort, as was MFA. Even 
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before MFA had been conceived, or developed, MEP had suppor- 
ted the development of a minimal microprocessor control system, 
called ‘3 Chip’. Its purpose was to enable practical work of a 
problem solving nature in schools, which used the powerful 
capability of a microprocessor system. An equally important 
purpose was to explode the myth, still current, that microelectronics 
was all about computers which have a VDU and keyboard. We 
wished to establish an understanding of the nature of the dedicated 
control systems use of programmable microelectronics which 
consumes the vast majority of microprocessor chips. 

The ‘3 Chip’ system was just that, the three essential ‘controller’ 
chips of processor, memory and in/out operation. For various 
reasons, and not all of them sensible or logical, ‘3 Chip’ did not see 
the light of day as a product in its early designed form. With hind- 
sight that has been fortunate because MEP has been able to develop 
what is now ‘3 Chip Plus’ as a natural companion and extension to 
work with MFA. ‘3 Chip Plus’ has been configured so that its 
connection system enables it to operate with the same set of devices 
as the MFA computer module or memory module. 


The *3 Chip Plus’ system consists of 


%* The ‘controller’ board—the heart of the system—based on a 
6502 microprocessor with a similar memory map and ports as 
the input/output areas of a BBC Microcomputer 


%* The ‘program loader’ board—with its own monitor program 
fitted. This board is used to develop new software at the machine 
code level 


* The ‘program memory’ board—battery-backed RAM (alterable 
memory) used to carry the program being developed 


%* The ‘burner’ board—driven from the ‘program loader’ tc 
transfer developed programs into EPROM or EEROM 


* A range of input and output boards—allows the ‘controller’ 
board to respond to a variety of inputs from light sensors, 
switches, etc, and to provide a variety of outputs for the control 
of motors, relays, etc. The existing MFA music and movement 
modules are also completely compatible with the ‘3 Chip Plus’ 
system. 


CONTROL PATHWAYS—ITS CONCEPT AND FORM 


‘3 Chip Plus’ is just one microprocessor system for which the 
Control Pathways materials have been designed to be used. The 
pupils’ materials are based on a range of input and output modules 
(original ‘3 Chip’ modules) which can be used in a wide variety of 
control problem situations. The work is designed to use any one ofa 
range of common microprocessor devices available in schools. 

The Control Pathways. support materials comprise a teacher’s 
guide and a pupils’ book, designed to convey the concepts of control 
and control systems, which is written as a general text. This is 
written to be used in an integrated way with a particular pupil 
assignments book for whichever ‘microprocessor controller the 
school chooses to use. 

Control Pathways provides a structured introduction to the 
concepts of control. The control of most systems (and not just 
electronic ones) embodies certain very fundamental principles; it is 
these that this learning material aims to address through the 
medium of programmable microelectronics. Each of the sections of 
the main pupil booklet introduces a new concept, with the most 
essential, and where possible the most straightforward, concepts 
met first. As far as possible, real-world examples are used and 
models of such control systems built and programmed. 

Details of the conceptual route are as follows: 

Section | deals with outputting control information— you can’! 
do anything unless you can switch parts of the external system or 
and off. 

Section 2 shows how to implement time delays. This make: 
possible the sequence, perhaps the most basic of all contro 
programs. So far the pupil has turned fully on or fully off the contro 
voltage on individual control lines from the controller. This enable: 
a lamp or a motor to be switched on or off, a motor to be reversed 
or a control code to be output to the music module to sound : 
particular note. 

Section 3 shows how the brightness of a lamp or the speed of thi 
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motor may be controlled. This requires a control code (which might 
represent a number on a scale from 0-7) to be output to an external 
black box that can control the voltage applied to the lamp 
accordingly. The concept of digital to analogue conversion has been 
introduced (and thus the concept of how a variable, or analogue, 
quantity may be controlled by a digital, or on/off, controller). Some 
control systems function purely as sequencers—the outputs are a 
function of time only—but most systems control outputs in 
response to changing input conditions. 

Section 4 shows how to input information to the controller, and 
how to design the program so that the input states affect the control 
of the output. Almost all real-world control systems employ 
feedback. This means that information about (for example) the 
position of an arm is fed back to the input of the control system. The 
controller is then able to drive the arm more intelligently, basing its 
control decisions on where it knows the arm actually is. Without 
feedback, the controller must attempt to calculate or remember 
where the arm ought to be. The controller will not know if the arm 
moves more slowly than expected, hits an obstacle, or reaches the 
limit of its travel. 

Section 5 builds on the principles of outputting and inputting and 
introduces this essential concept of feedback. At this stage the 
feedback is only two-state, or yes/no; feedback in a system 
controlling and monitoring analogue quantities is reserved for 
section 7. Section 3 allows pupils to see multi-level, or analogue, 
outputs. 


control system to read in an analogue quantity, for example, a 
temperature, a light level, or the level of a liquid in a tank. The con- 
troller itself can only understand on/off, or digital information, so 
this time an analogue to digital converter is needed. The other 
important concept introduced in this section is that of processing 
information electronically. 

Section 7 takes over the subject of feedback where section 5 left 
off. Pupils now develop control systems which sense analogue 
(multi-level) quantities and control outputs proportionally. 

Section 8 presents a wide range of ideas on project possibilities. 


Specification Highlights 
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.. . that there is a real difference at 
Cricklewood Electronics. That's why you 
should never be without the FREE 
CRICKLEWOOD €LECTRONICS COM- 
PONENTS CATALOGUE, for’ sheer variety, 
competitive prices and service from the U.K.'s 
number one 100% component shop. No 
gimmicks, no gadgets or computers, just 
components, millions of them, all easity avail- 
able by mail order, calling or credit card 
talaphone orders. Just pick up the phone (or 
@ pen) to get your FREE copy now {no SAE 
required). You have nothing to lose- 
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Section 6 illustrates analogue inputs. It is often necessary for a 


As well as the gradation in difficulty through the sections, there is 
a gradation through any individual section. Each section contains a 
number of extension modules with a substantial design ingredient. 
Only the most able pupils will finish all the work in a section. 

The article has mentioned the fact that all this work has been the 
result of team efforts. This includes both the individual project 
development teams and the many people who were employed by 
MEP as inset co-ordinators, all of whom made contributions to the 
design of the final system in concept, hardware design and materials 
support teams. 

The teams responsible for MFA development comprised a 
number of teachers in the Greater Manchester and Lancashire area 
and was led by Dr John Martin who was an ECT inset co-ordinator 
at the beginning of the work and who became the Director of 
Salford Electronics Education Development Unit. The team re- 
sponsible for the 3 Chip Plus development was led by Peter 
Nicholls, once again an ECT inset co-ordinator who became MEP 
regional director for the east Midlands. 

We hope that, in this two part article, we have allayed some of the 
fears about whether electronics is on the school curriculum agenda. 
Of course, just because the material we have described is available 
doesn’t mean that every school will be using it. Unfortunately, the 
pressure on centrally provided resources means that, unless other 
funding can be found, future developments are likely to be reduced. 

This is particularly regrettable at a time when overseas interest in 
the approaches we have described is so high and the needs of 
industry for employees who understand the concepts is increasing. 
A Foundation has now been established to try to continue the work 
and industry and commerce are being approached for support. Let’s 
hope that the Foundation will be able to continue the first-rate 
activities described above. 

If you would like an information folder which contains full details 
of the MEP/ECT domain and its teacher-training materials, then 
send a large (C4) self-addressed envelope stamped with 45p-worth of 
stamps PLUS 50p in unattached stamps, to Mrs Beth Bevis, 
Ronsella, Lordswood, Highbridge, Eastleigh, Hants SO5 7HR. It 
would be helpful, if you are a teacher, to say in which LEA you teach. 
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OCKROACHES provided the inspiration for 

a development project to build a new 
type of walking robot. They do not have a 
central nervous system or brain so cannot 
control their movements centrally, as do 
most creatures. Their legs work indepen- 
dently, moving one step in response to a 
stimulus. Obstacles are sensed by the 
inability to go through with a step. 

“The idea came to me about ten years 
ago,"’ said Arthur Collie, one of the four 
members of the team on the project. 
“When people think of robots they think of 
a lot of limbs working to achieve an end. | 
began thinking about it and like an engineer 
| began by breaking it down into pieces 
which could be worked upon. It was then 
that | picked on the analogy of the 
cockroach.” : 

He carried the idea further by consider- 
ing a six-legged device on which the legs 
operated independently and ‘’sensed with 
its knees" like beetles do. Once a leg came 
into contact with an obstacle it would send 
a message back to a central controlling 
processor which could then build up a map 
of the area being covered. 


... the analogy of the cockroach... 


Ten years ago it was not feasible to have 
six independent legs because of the size 
and cost of the controllers. Microproces- 
sors have changed that and with the help 
of grants from the Royal Society, the 
Science and Engineering Research 
Council and a little help from the armed 
forces unmanned vehicles programme he 
was able to take two years off from his job 
and set up a team at Portsmouth Poly- 
technic under the leadership of Dr John 
Billingsly of the Electronic and Electrical 
Engineering department. 

Most of the development work is still in 
theory but it is hoped that in two years it 
will be possible to develop a relatively fast 
walking base on which other devices can 
be carried for a price of about £1,600. 

Billingsly said that it would be unlike 
existing walking machines and have more 
in common with humans. Existing robots 
are stable throughout their movement. The 
Portsmouth plan is that while walking it 
should be dynamically stable but statically 
unstable. 

Humans are permanently off balance 
while walking and although they are stable 
while moving if they come to a sudden halt 
they fall over. Existing robots are balanced 
at all times as they do not make a second 
movement until the first one has been 
completed. 

What existing devices gain in steadiness 
they lose in speed and fluency of move- 
ment. ‘We do not want a walking robot so 
much as a cantering robot” said Billingsly. 

At present, with work on the hardware 
only having started in July, the robot 
consists of only one leg. It has two joints 
at the hip and knee which can each move 
through an arc of a little more than 180 
degrees. The limbs are controlled by two 
pneumatic cyclinders working in opposite 
directions so that movement is always 
achieved by a cylinder pulling rather than 


pushing. 
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Under the control of a BBC B the leg is 
pushing a small conveyor belt. Feedback is 
obtained from pressure sensors on the 
cylinders and angle sensors on the joints. 
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operations including inserting backlash 
compensation, ripple-through offset cor- 
rection and the insertion and removal of 
delays. 


The Hydrobot demonstration kit from Commotion. The arm is 


controlled by the four syringes 


It is intended that the final project will 
have six legs, each with its separate single 
chip micro, obstacles being sensed by the 
pressure in the cyclinders and navigation 


simple giro. 

The whole machine will be controlled’by 
an on-board micro. Collie said that soft- 
ware was being developed to allow it to 
learn how to walk rather than the know- 
ledge being permanently built-in. That 
would give it the flexibility to adjust to 
different types of terrain, for example 
loose or rough ground, down a sewer or 
climbing a bridge. 


..-acantering robot... 


L.J. Electronics has developed an 
update to its large Atlas arm and has given 
it the imaginative name of Atlas ll. There 
have not been any changes to the hard- 
ware but the software has been expanded 
to allow the machine to perform more 
complicated manoeuvres when being used 
with the work cell, which has recently been 
developed for the machine. 

L.J. has provided an update kit which 
contains the new system on three Eproms, 
a test routines Eprom, editor keypad over- 
lay and manual. As the Atlas was designed 
to be easy to take apart it should not be 
difficult to make the necessary changes for 
the upgrade. 

As with Atlas | there are eight modes of 
Operation but there has been a major 
improving of the editing function. It is now 
possible to carry out a number of new 


eo achieved with the help of a very . 
7 : 


An on-board machine-code monitor al- 
lows Hex programs to be written and 
edited with a visual display of these opera- 
tions. Any Atlas | program up to 2K can be 
converted to run on the Il. 


..- controlled by four syringes... 


For anyone finding electronic control a 
little hard to grasp Commotion is selling 
an inexpensive little device called the Hy- 
drobot. Designed by the London Innove- 
tion Centre it is powered by hydraulics and 
has three axes, at waist and shoulder and 
the complete arm can be moved back- 
wards and forwards. There is also a 
gripper. 

It is controlled by four syringes, one for 
each axis pu the gripper, which contain 
coloured fluid to show clearly and simply 
how the arm works. 

Costing £20, Hydrobot comes in kit 
form with full instructions and projects 
ee and is said to take 20 minutes to 

a. 

Another contender in the original names 
stakes is being developed by Robot City 
recap 7h 6 9 Hard on the heels of its low- 
cost Alfred robot arm comes the more 
robust version called Alfred Ul. It is at the 

rototype stage but is expected to sell for 
less than £1,000 and be strong enough to 
be used for light industrial purposes. 

Details are limited at the moment but it is 
understood to be similar to Alfred, being a 
standard 5-axis arm with grippers. More 
details as they emerge. 
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I THIS the concluding part of Experimenting with Robots we look 
at testing the interface described last month and some typical 
methods of achieving movements in experimental robotics. 


TESTING 

The motor driving transistors and the motors themselves 
require an external power supply, mainly selected to suit the 
motors requirements—between 5Vd.c. and 12Vd.c. Here, it may 
be required to use a resistor to drop the voltage down with some 
types of model motors, otherwise they run much too fast even 
with reduction gears. 

After checking for dry joints and solder bridges, connect a d.c. 
motor and suitable supply. Next, connect a 5 volt supply 
between the bases of the transistor bridges at a pair of 
links. The motor connected to this bridge should run in 
one direction and reverse when changing over the leads. 
Next insert the opto isolators and apply a +5V supply to the pin 
normally connected to the computer +5V line, Whilst connected 
to the computer, the data lines are held high through the 470k 
resistors. The negative of the supply is applied, in turn, to the data 
bit O and 1 pins, just as the computer would place a logic ‘O' at the 
port. A similar result should ensue—the motor running first in one 
direction and then changing to the other direction. It should now 
be safe to connect up to the computer. Readers will probably have 
realised that due to the use of opto-isolators, the logic to drive the 
transistor bridges is reversed. This is not of importance and is 
taken care of, either in the programming, or by reversing the 
motor leads if they run in the opposite direction to that required. 

Whilst the circuit was under test using 12V Scalextric d.c. 
motors, considerable differences were found in the performance 
of individual motors. These motors are designed to run at much 
greater speeds than would be required for most computer control 
applications. To ensure compatibility, do not insert the resistors 
between the external supply and the bases of the bridge 
transistors (load resistors of opto-isolator transistors). Instead, 
tack 2 x 5k pots in their place and trim for the best balance of 
speed for forward and reverse directions. When a favourable 
value has been found choose resistors of the nearest preferred 
values and insert them in place of the pots. The author had a large 
number of Sca/extric motors and found 3k3 to be the most suitable 
resistor value for the motors he chose. Also, this value proved 
quite suitable for driving Sonzeboz Type 1112 asynchronous 
motors as 32 step, bipolar stepper motors. Provision has been 
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made on the board for suppression capacitors, but these are often 
already mounted on small motors. Again, in case others might 
have the same experience, for some unknown reason, the 
Scalextric motors would not run with the normally mounted 1n 
(0-00 1p/F) capacitors, but run at their best on 220n (0-22pF). | 
have discussed this with my colleagues, who are more experi- 
enced with motors than | am, but they are as puzzled as myself. 
Perhaps the reader might have come across this anomaly at some 
time. Small stepper motors normally require 470n (0-47yF} 
capacitors or greater. 

The following shows the logic for driving d.c. motors 


Motor Motor Motor Motor Suggested 
2 1 2 1 Single Key 
DSR2D OG Fax Bee Bir bh. M¥' Control _ 
0000 0 0 —- — * 0 
o 00 1 1 1 — CCW * > 
0 010 2 2 — CW " _ 
0 0 1 1 3 3 — —* 
0 100 4 4 CCW — . + 
7 > oO. 4 5 5 CCW CCW ‘ 
o 110 6 6 CCW CW “ 
oO fT 14 7 7 CcCw — . - 
1000 8 8 CW — - t 
1 00 1 9 9 CW CCW a” 
1 010 A 10 CW CW ® 
1 0 1 1 B 11 CW — 7 
14100 C 12 — — * 
1 1 0 1 D 13 — CCW * 
1 1 1 0 E 14 — CW . 
1 #4 1°41 F 16 — — * 


The * indicates logic patterns that produce similar results. It can 
be seen that the 16 possible combinations can be reduced to 9 in 
practice. 

To control three or four motors, a second board is required. To 
compile a table for simultaneous movement would be very 
complicated, there being 64 combinations for the motors and 256 
combinations for four motors initially. However, a full set of tables 
would be rarely required. Single key operation could be developed 
from the following table, where once again movements can be 
reduced to nine variations. For the development of repetitive, 
automated sequences, single motor movements can be pro- 
grammed at first to perfect the operation, then the logic values 
can be added together for two or more motors, to produce 
simultaneous movement: 


Motor Motor Motor Motor Dec Hex Motor Dir 
4 3 2 1 


D7 D6 DS D4 D3 D2 Di DO 

0 000 0 0 0 0 oo 2 =— = 

0 0 00 0 0 0 1 1 1 1 CCW 
o 0 0 0 0 0 1 0 2 2 1 cw 
0 0 0 0 0 1 0 0 4 4 2 CCW 
0 0 0 0 1 0 0 0 8 8 2 CW 
0 00 10 0 0 0 16 #10 3 CCW 
o 0 10 0 0 0 0 32 20 3 CW 
0 100 0 0 0 0 64 40 4 CCW 
100 0 0 0 0 0 128 80 4 CW 


For ail motors to be static either 255 Dec (FF Hex) or O must be 
included. 
The following program can be used to run 2 DC motors on an 
X-Y axis and can be modified for other functions. 
O5 PRINT’’shift/cirhome’’:REM Clear screen symbol 
08 PRINT*'Do not turn external motor supply on yet’’:PRINT 
10 POKE 37138, 15:REM Place value 15 into DDR 
12 REM 15 for 2 DC motors or 1 bipolar with 4 inputs 
13 REM 255 for 4 DC motors or 2 bipolar and no inputs 
15 PRINT’'DDR setting” 
18 PRINT PEEK(37138):REM Display DDR setting 
19 PRINT: PRINT:PRINT:REM Spaces 
20 PRINT’’Place decimal value O in 1/O REGISTER” 
30 INPUT X:REM Decimal 0 is optional but 
35 IF X<>0 GOTO 20:REM initially O for motors static 
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40 POKE 37136, X:REM Places value O into 1/O REGISTER 

45 PRINT’‘STATE OF PORTS” :REM Should be 00000000 

46 PRINT’'P7 P6 PS P4 P3 P2 P1 PO” 

50 Z=X; REM Put value of X into Z 

55 GOSUB 200:REM Jumps to DEC/BIN conversion routine 

58 PRINT:PRINT:PRINT Turn on motor supply’’:PRINT 

60 PRINT’ ’Define MOTOR functions” 

65 INPUT Y:REM Enter decimal value to suit motor/s direction 
66 IF Y<0 OR Y>15 GOTO 60:REM See Line 13 for 4 motors 
68 GOSUB 300 

70 Z=Y:REM Put value of Y into Z 

80 POKE 37136, Y:REM Places defined value into |/O REGISTER 
85 PRINT:PRINT 

100 PRINT “I/O REGISTER” 

105 PRINT PEEK(37136):REM Display the contents 

110 PRINT“STATE OF PORTS” 

120 PRINT’‘P7 P6 P5 P4 P3 P2 P1 PO” 

130 GOSUB 200:REM Jump to DEC/BIN conversion routine 
140 GOTO 60:REM Reset I/O REGISTERS to change motors 
status 


200 PO=Z—INT (2Z/2)*2:REM Decimal/Binary conversion routine 
205 Z=INT(Z/2} 

210 P1=Z—INT(Z/2)*2 

215 Z=INT (Z/2) 

220 P2=Z—INT(Z/2)*2 

225 Z=INT(Z/2) 

230 P3=Z—INT ({Z/2)*2 

235 Z=INT {Z/2) 

240 P4=Z—INT(Z/2)*2 

245 Z=INT(Z/2) 

250 P5=Z—INT(Z/2)*2 

255 Z=INT (2/2) 

260 P6=Z—INT(Z/2)*2 

265 Z=INT (Z/2) 

270 P7*=Z—INT(Z/2)*2 

275 ZZ=INT(Z/2) 

280 PRINT P7;P6;P5;P4;P3;P2;P1;PO:REM Display contensts of 
PORTS 

285 PRINT:PRINT 

290 RETURN:REM Return to line 140 


300 IF Y=0 THEN PRINT*’All Motors Static’’ 

301 IF Y=1 THEN PRINT’‘Motor2 STOP Motor1 CCW Direction 
EAST" 

302 IF Y=2 THEN PRINT’‘Motor2 STOP Motor1 CW Direction 
WEST" 

303 IF Y=4 THEN PRINT’’Motor2 CCW Motor1 STOP Direction 


SOUTH” 

304 IF Y=8 THEN PRINT’ ‘Motor2 CW Motor1 STOP Direction 
NORTH” 

305 IF Y=5 THEN PRINT ’‘Motor2 CCW Motor1 CCW Direction 
SEAST” 

306 IF Y=6 THEN PRINT’’Motor2 CCW Motor1 CW Direction 
SWEST” 

307 IF Y=9 THEN PRINT*‘Motor2 CW Motori CCW Direction 
NEAST™ ; 

308 IF Y=10 THEN PRINT’’Motor2 CW Motor1 CW Direction 
NWEST"” 


309 RETURN:REM Return to line 60 


Whilst the above program was tested on a Vic 20 computer, the 
approach to peripheral control is similar for the Commodore 64, 
Pet and BBC. The following shows the changes required when 
these computers are used: 


Vic 20 Commo-_ Pet BBC 
dore 64 
Data Direction Register 37138 56579 59459 65122 
Input/Output Register 37136 56577 59457 65120 


The BBC replaces PEEK and POKE with ? and does not require 
brackets around a PEEK value. 


Table 2 indicates the logic states required to step bi-polar 
stepper motors in each of the three modes of operation. In each 
instance the table refers to c.w. rotation, c.c.w. rotation being 
achieved by backwards stepping from any point. Full stepping is 
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listed first, due to its primary degree of reliability. Half stepping 
provides additional flexibility of movement for cheaper, low-step- 
frequency motors and is a combination of Full stepping and Wave 
stepping. The Wave stepping logic sequence has beneficial 
effects where high speed rotation is required and the user is 
prepared to lose a certain degree of accuracy. 


Normal, Full 4 step sequence 
Step Base 01/04 Base Q3/02 Base Q5/08 Base 07/06 


Logic Logic Logic Logic 
1 O On/Off 1 Offffn O On/Off 1  Off/On 
2 0 On/Off 1+ OfffOn 1 Off/On O On/Off 
3 1 Off/On DO On/Off 1 Off/On OO On/Off 
4 1 Off/On O On/Off O On/Off 1 Off/On 
1 QO On/Off 1 Off/On O On/Off 1 Off/On 


1/2 step, 8 step sequence 
Step Base 01/04 Base 03/02 Base 05/08 Base 07/06 
Logic Logic Logic Logic 


QO On/Off 1 Off/On O On/Off 1  Off/On 
0 On/Off 1 Off/On 0/1 Stop 0/1 Stop 
OQ On/Off 1 Off/On 1 Off/On O On/Off 
0/1 Stop O/1 Stop 1 Off/On O On/Off 
Off/On O On/Off 1 Off/On O On/Off 
1 Off/On O On/Off O/1 Stop 0/1 Stop 
1 OfffOn QO On/Off O On/Off 1  Off/On 
0/1 Stop 0/1 Stop O On/Off 1 Off/On 
0 On/Off 1 Off/On O On/Off 1. Off/On 
Note: At steps 2, 4, 6 and 8 only one winding is activated. The current logic 
state on the other winding must be changed so that either Logic 0,0 or 1,1 
exist on all four transistor bases in order to disable the winding. 
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Wave step, 4 step sequence 
Step Base 01/04 Base O3/02 Base 05/08 Base 07/06 


Logic Logic Logic Logic 
1 0 On/Off 1 Off/On 1 Off/On 1 Off/On 
2 1 Off/On 1 Off/On 1 Off/0n 0 On/Off 
3 1 Off/On O On/Off 1 Off/On 1 Off/On 
4 1 Off/On 1 Off/On O On/Of 1 Off/On 
1 OQ On/Off 1 OfffOn 1 Off/On 1 Off/On 
APPLICATIONS 


For most applications of computer controlled motors, the 
rotary motion is converted into harnessed linear movement. 
Several methods of conversion are used, ranging from wheels 
relying on tyres:to maintain accuracy of position; pulleys; geared 
wheels; ra¢het and.géars; and a long, threaded shaft driving a nut 
along its length. author found a suitable source of these in the 
threaded extruders of the tubes containing bath sealant). 

When d.c. motors are employed, some form of feedback is 
necessary to monitor position and provide a means of stopping 
the motor at a required position. These usually take the form of 
optical sensors or limit switches. The motor controller has 
provision for using both these methods. Stepper motors, on the 
other hand, are positional devices, enabling pre-programmed, 
automatic, repetitive operations. Limit switches can be used in 
both applications to prevent accidental over-run. Both types of 
motor lend themselves to keyboard control situations, but in this 
mode the d.c. type of motor is the more economical. 

Many features on robotics just describe arm geometries such as 
Cartesian, spherical or polar, cylindrical and articulated or angular. 
The block diagram provided, whilst familiarising the reader with 
the language or robotics, offer little help in applying the move- 
ments practically. It is hoped that the illustrations accompanying 
this article can be of assistance to those who wish to attempt 
some simple machine control projects with limited functions. 

The low torque of small d.c. motors and stepper motors can be 
improved dramatically with the use of reduction gears. It is a 
neglected fact that in the average discarded alarm clock there are 
at least two sets of 60/1 ratio gear movements. These can turn a 
cheap six steps per revolution stepper motor, as described in the 
Expanding VIC-20 series into a 360 step movement, with obvious 
advantages. Many of the older clocks have really solid move- 
ments that can stand up to drilling and machining if necessary.* 
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PRINTED CIRCUIT BOARD SERVICE 


Printed circuit boards for certain PE constructional projects are 
now available from the PE PCB Service, see list. They are fully 
drilled and roller tinned. All prices include VAT and postage and 
packing. Add £1 per board for overseas airmail. Remittances 
should be sent to: PE PCB Service, Practical Electronics 
Editorial Offices, Westover House, West Quay Road, 
Poole, Dorset BH15 1JG. Cheques should be crossed and 
made payable to IPC Magazines Ltd. 

Please note that when ordering it is important to give project title, 
order code and the quantity. Please print name and address in Block 
Capitals. Do not send any other correspondence with your order. 

eaders are advised to check with prices appearing in 
the current issue before ordering. 


Phone Orders 

You can now order your printed circuit board by tele- 
phone, quoting your Access credit number. 

The number to ring is: 0268-710722 


NOTE: Please allow 28 days for delivery. We can only 
supply boards listed here. 


PROJECT TITLE 


Sustain Unit 
Audio Signal Generator 


a 


Simple Logic Analyser | 
EPROM Duplicator 
Alarm System 
Oscilloscope Calibrator 


Comm. 64 RS232C Interface 
Field Measurement 


Simple Logic Analyser Il 


Parallel to Serial Converter 
Through the Mains Controller 


Modular Audio Power System 
Pt-1: Power Amp Board 
Spectrum DAC/ADC Board 


FEB '85 502-01 


502-02 


Modular Audio Power System 
Pt-2: Pre-Amp/Line Driver MARCH ‘85 
Main Board 
Heart Beat Monitor—Main Circuit Board 
—Detector 
Low Cost Speech Synthesiser 
Power Control Interface 
Disc Drive PSU 
Modular Audio Power System 
Pt-3: Test Signal Source 
Power Supply 
Amstrad Synthesiser Interface 
Rugby Clock Pt-2 


APRIL ‘85 


CBM64 Music Keyboard 
Keyboard 
Main PCB 


JUNE ‘85 506-02 


506-03 


MTX 8 Channel A to D 
Voltmeter Memory Adaptor 


Car Boot Alarm SEPT ‘85 
RS232 To Centronics Converter 


Touch control PSU 
Exp. with Robots (double-sided) OCT ‘85 
Modulated Syndrum 


CBM User Port Expander 
Model Railway Track Control 
“Bytebox: ROM Board (double-sided) 
ZIF Socket NOV ‘85 
RAM Board 
Battery Backed RAM 
EPROM Board 
"Special Price—Complete set of 5 boards 
Model Railway Rec Board—A 
Track Control DEC ‘85 Rec Board—B 
Rec Board—B Ext 
Test Load 
JAN ‘86 
Exp. with Robots 
Spectrum Speech 
Synth & 8-Bit 1/O Port (double-sided) 
Burglar Alarm 
Main board 
Bell Driver 
Logic Probe 
Computer Movement Detector 


BAZAAR 


RULES Maximum of 16 words plus address and/or phone no, 
Private advertisers only (trade or business ads. can be placed in our 
classified columns). Items related to electronics only. No computer 
software. PE cannot accept responsibility for the accuracy of ads. 
or for any transaction arising between readers as a result of a free 
ad. We reserve the right to refuse advertisements. Each ad. must be 
accompanied by a cut-out valid ‘‘date corner’. Ads. will not 
appear (or be returned) if these rules are broken. 


For Sale Sequential multi track ploy synth 
as new with MIDI built-in sequencer. 
£700. Tel: Durham 62499. 


Solartron digital voltmeter LM14 02.2 
cost £400. Offers. Scientific NMR ES.R 
power supply. Offers. Rory Hall, 42 
Worcester Road, Chipping Norton, Oxon. 
Tel: 0608 3558. 


Diablo 1345A HY type printer. Hazeltine 
1500 terminal. Both good condition. Of- 
fers. T. Bateman, 22 Nelson Road, Ray- 
leigh, Essex SS6 8HB. Tel: 0268 775113. 
Texas T199/4A 16-bit microcomputer as 
new—f£49. Cartridges: extended basic 
£39, space invaders game £9. P. J. Tait, 
2 Hewitt Close, Wheathampstead, St. 
Albans, Herts. AL4 8TQ. 


Moving house—everything must go. 
e.g. pack of 1000 new components, R's, 
C's, etc. £10 post free. K. Bailey, 40 
Seymour Close, Selly Park, Birmingham 
B29 7JD. 

Cheap ICs. Typical prices: Z80A CPU £2, 
2114 £1-50, 2716 Eprom £1-60. Many 
others for sale. Alan Tucker, Salamanca, 
Launton, Bicester, Oxon. OX6 ODQ. 


Se ee ee ee ee ee Ee a cee 
Please publish the following small ad. FREE in the next available 
issue. | am not a dealer in electronics or associated equipment. | 
have read the rules. | enclose a cut-out valid date corner. 


SIGMAMING) 6 SiconicGacsantentnntetcsneiiedoacecanettiTes Date). ciicisnet tienav.gees 
Please read the RULES then write your advertisement here— 
one word to each box. Add your name, address and/or phone no. 
COUPON VALID FOR POSTING BEFORE 7 FEBRUARY, 

~ 1986 (One month later for overseas readers.) 
%& SEND TO: PE BAZAAR, PRACTICAL ELECTRONICS, WEST- 
NS OVER HOUSE, WEST QUAY ROAD, POOLE, DORSET BE15 1JG. 


| For readers who don't want to damage the issue send a photostat or a copy of the coupon {filled in of course) with a cut-out valid ‘‘date corner’ | 
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BLOCK CAPITALS PLEASE 


Lowest possible prices? 
Top quality components? 
Fast reliable service? 
Large range? 


Pick up a copy of our new 1986 catalogue from any branch of 
W.H, Smith for just £1.45. 

Or post this coupon now, to receive your copy by post for just 
£1.45 + 40p p & p. If you live outside the U.K. send £2.50 or 
11 International Reply Coupons. | enclose £1.85. 


Maplin ..... We've cracked it. 


MAPLIN ELECTRONIC SUPPLIES LTD. 
Mail Order: P.O. Box 3, Rayleigh, Essex SS6 BLR. 
Telephone: Southend (0702) 552911 

SHOPS 


® LONDON 159-161 King Street, Hammersmith, W6. 
Telephone: 01-748 0926. 

© MANCHESTER 8 Oxford Road, Tel: 061-236 0281. 

®@ SOUTHAMPTON 46-48 Bevois Valley Road, Tel: 0703 225831 

© SOUTHEND 282-284 London Rd, Westcliff-on-Sea, Essex. 
Telephone: 0702-554000 

Shops closed ail day Monday. 


